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In ioMttttt tilt fVMl^ «i««almUiig hwiwayttt wift kaamn 
tloM tast ittntiify laot diff*f«iit wtttxirt laiMiUttA %hm wamwSAng 
dlff«ye»i t^pM of fitftsxiflirltts in » Y M I * ^ of i»Miet wemviMw 
•tudltd* ^ i^gi^ l^ twoi*^ (1959) BiKl Somw (196$) flitgg«at«a etsiDXe 
elaaiiflemtljon and :ieKa«t)Q3;al;iir« of imrl«as Hmeadf^ tcis of 
diff»f«iit •!»««&•• 8in the basis of t!i« hiftoXoD i^Qal eUar^ otftV-
itt los at repT#8«!i%»S t^ t ^ ^«« of QOtiventi^f^ st9iD« C^ eimsny 
I»9i«hiian nfiH ^^jeit^t*n «tsl!i) ^loptui fi«Bi tfm t@e*if^ qut« tj«>a 
in mrtfiihm^ ^nwimtiiXei^ . towtwrt Jonts Ct96!^ ) csinaifftwd fia 
irabryolofleal dlff©r®nti*^tio« a« «©11 at haf?«jlo«!y of irftrtaii 
liiK»»o«ft«t atid jtittlflad ^ s ne»aamilmt«x*a in riX^m of tit at of 
**iK'-l«fwoiptn*t t$Qrvow«di t«fiilt»logy f i t» Vfm •^ytetjyatat, #5ich 
fma no Hoaology in inttett* For a t^aparativt dt»4y of lm#%io» 
eytot la litaootOf tHo aoot irldoly uaoA stslsliig smtSsadL aiift 
•taiiM if«tt34 bo a liottor baoio* f urtbor ttit ovitovla of 
Joaoo voiild fom oonoot nii^foaiii to noat Vm haoaooytto* 
with tuts YSOV« la Vm i^oooiit woylt« hoitoytoo of MNM mpoeiot 
vHloU oofo oot ot»llod to tw v l i * ^^±»^m fnfffffflrffi JiUMnslttSi 
JUUttBft ^ ^ HiautadMi l imaiAi l t t wo OOOOWOA ty uoiiit 
tlio OiNMa*i aal IiOifl«MO#f otaioi. Siooo QlotaU otain 
pftrvod botttr itt difftfontiottng difforont Hatwotgrtttf i t va« 
2^  
«gr«M «f i l l «M fi«M«% 4p««it9 vaiy mtphiUgitsltf ani 
Mttt l»gi»rt l f»_I» ytllair iMip« £« !rtmfflft the tgn^ »e of 
• t U t ttM f»if«r liMM la Wm %m^iSmpiummw tfiMiiit I* iHlldUi 
i^«r«at o»«odytold« oe«enp In «tl. tut tp««i«s •x«M|»t In 
an oifht vhicii I t aftxisnm ty!»«s ftmiiig ftU. tficr «p»oi»8 ttuditd 
in tUt pftMfit iiiv«itt4fttioa« Sraiinliur li«i!Soo;ift«s an^ <^it^ 
Oftftv af» abisrit in §.* tfirMfflii ii#t*r«&a ff«s«at in E* |-i^«^*. 
ftin laoiSft of aotlAii of dlfforocit tsfitot of i!ii»etici&@o 
i t motif imoMi on ttio otrroot sfUm maA i ts em^mn* Hwiitor» 
io ooiljr » ftw apooltt tlio otfoot of tho iimtotioidoo vm 
o^oortod on tut Haoooogrtof* ftefofovo mif Mp@e% of ifttoitl* 
i^ oUoo WHO ostioOod to tho haoMNortot of £• ^ '^^ i^jw. ana 
&• UlttBi l>«yvao foUowioi %!» t ipioil if^y&iootloii of mlx-lothiil 
ooRoooltotiiiii 9fWtim ifiAmfimmA Iv f^oooftooo) oni Fai«d«i 
(m oifc»t>—i%t iiopiiiwa) for o oMpoyotlfO ovalootlofi* Ti» onb* 
lotiiftl ooiiotii%vft%loiit of tHo lOipNiUiio tnoootioiAo utro 
dotofotooA oo ^h» booio of tt»fl tw oitHtr apoolog* I t vao 
KonoroUy foooA thot foS3««dag H M ipiUootloo i^ oooD oonooiw 
tyatton of oiltoor liitootloiiOt yotl^ltii—1 ooofiiilioBi doieloyoA 
3 
lA i l l . tfifw of hMOMTtts* B^wnert oiftooftiit fptiftf^l* otUt 
ftoa •di90li«t«oe3rt9t vtf« rtlAtliMl^ «»i« itit«t|»tl]ilt t * ^«tli 
tlM iiuM«ti«ll«a in i« i i l ua i larvM vhtf«M AdifmiiMwogrttit 
HM larra* of £• oii^att^ The o«ii»«yt»lds of botli IMi qio^Ut 
woro tm laott rotiatfisl of3JLs vhleli %Nifo Qoqp2«t«lgf d«iago4 o ^ 
Dy t!io pfOXof^d 8ffoot of otyotiisost oofiootiti^tloii of oooh 
ino«o%iot4io» coispariititilar ttw iai>»3«t(i8i oonottotrayono of 
FaroAoa noira 7^ f@ toido lo tnoio oolls t^ tim t^s« of W^ in 
1 ^ larrao of ttoth ^lo i^oloi* 
tmnt) rem^M that flyeoi*tii t?ss -nmrnnt in tiXtsnatooy^s» 
isoaooytoflf tjfo^at^oytes ani o@!io^^i<lt of 2.* a'fex^^f l-awnft 
wiiiroat in i^ iwHaft^ sooytoa, i5liisis!Si*oeytot| i»odo t^©o aw! t^ imTwlfflS* 
Hfwstooytoo of £• lifeawt layviMi iMi^ i? the t^toaoeytot of 
S?>nitflttiati ^nMteisttgai (orthoptere)^ HeOluA daHtiUflna 
(orthoptorft)^ gXtraflftomi algmttii l itai (Ort^ioptora), JJaoui 
ji2tta( (omiep%«vft), §ttiiiMiaignBg urnrtntftriwi (Or^uttoi^} 
(^io«iptofo>t fiattfiniiXft Jb&Jtauai (Lop&doptora)^ ft«<^-***«"» ^ ? - * T T 
(iiOfiji«ptito)t iiiinnt imffliHillm (dii>terft>f ^t^ti-i^ frrt^fTtf 
4 
pvmmt lfif«ttii«ti»ii* 
2tt llMi t iwi iayf of A» flyy<T* larv«*i ^yoogtn i t 
dittriiMtvd in tfit fofB of fiat gruni«g af veil «• oonpsot 
ioolntio?^ i^«f«a« in HM tiMaooyto* of tlM Xert&o of &• liJfiJGif 
glfQOirtfi vim tifooont la Ifit I^ MB of ooopaot it^ltisiosti* In 
IsotYi 1910 ffpooitt a «oaiqp«fitit«ti-fO tttfhnifao 0wmtA thnt tHO 
(^ I^ roofteii iii«^«eion in difforont H»e«>eft«t ^st f<$aiti8t]i!i at tlio 
urepipat stuiro* Than its aonoafitratioft iaolfriii ±n tM oarljr 
inr^ EX stEi® {^ ?fl tlt«7#aft»i> i t ooaplttalf i3l8^ f@@fOd» 
f!io @ff@Qt of topieai applieatiofi of ati^lo^ial dotieoii* 
tratiOfis of B0f and Fttradian (as mntiamA bofofo) mm ^m 
studiod Oil t ^ iljroogaii ineittsioao of %\m hmmn^Ufi foUo^og 
mmit appXie&tioo o» tHa 3rd iiittay larvao iS!k ^ oM) aiii t!wQ 
MSldii&l tffoot vao traoad tqi to ilii p«t*i atago* Xho g^oogtn 
ifidliiiioi} Ctiotli giranoXatlon aai owpaot fwnO wao oaHlootod to 
dioiatafpmtiafi pyoffoaoivaiy viAoltA vitli tte ooosotitrottoa 
of tl» vaiq»ootifo iiMootioiio ooA HM ottaoooA atafto of tl» 
itovtls* Forl^ort ia tlia <ofottavotft«i OiUOf tfto ^attioiofioai 
of foots of tho ioaootiolioi aiglit 1M aaoHior foaoio for tl«t 
doplotioo of ttit ajrotiiooio i t ooU ot tlio loaorvo of tnio 
notaboUto i^ioh was moJH aoffO affootti Igr ttio toxieity of tht 
foradan ooooaotvatiooa tuafi tfetot of tlw ODf• flia piooont data 
5 
)iaivlji4«t vttit f«s«va «• tiMi tfOtlMftt And t tofa i* of f^yaogM 
•rf»«i)t4 villi tM iijg—ttgMt «r 4ifft9»ii% ttHMieii. fmtiiM 
(iMDf wMI FinpadiM) 9 9wp99ii9XLf ia ttw pMMOot of mtmf 
infOfVftllioa M t t i l ^ U Oft tut* «•!»•«% oiOf ff»a £• iisMflitla 
(ToailSOiiip ttnl NofMAAf 1fl*t9l/« 
Ifi tut T9mnt 3r«an« tHe t f f^ot of aitpiioaticin of eso« 
ifoisoiio oodytoato C<^  ftoA yS •9Afmm9§ tUtiv a«i^ 8^!ithtUo 
finaloiaot at itall at awSyaonta of plant origia* ptisptoeoa^son^s) 
Haftt lAoa otiidiod oa a Tarlaty of iaotota wltli sag i^ ^ siMraa 
^ a l r affoett oa tha ioagavltjf« faeua&itf» ftpUXitf, gro^t^t 
aoaltlagf aataaorptioaia nM loprodttaotioa CEniiXia»mat t95S^  ^ 
19711 Bovara, 19^t ^bl»laa at ea.* 1968 & 1970| i;a]!aLe at ^ . ^ 
197^1 Vyt|»t at al«» 19711 Kiplaala at a l t t 197^1 Mmmk § 
Slaaat 19721 KtdlGtr ani fHon^aoat 1973t 31a#i j t ^ w , 19iSt 
AUsad, 19iB>» iUMOPaif^ to vifftUaaortH (19339 1915 ^ 1956) atvS 
Hao a t j a « (19(^)9 tha tpfoaaaoa of pf»t!iara«i« flaaia dartof 
tna ifowHi of tha larvaa, i t fatpoiiitblo foy tua famatioa am} 
s i t o t i t of tiio !iaattytaa> ! • OHMV ntfAOf $m aattiraS. aa^ytoaaa 
(^tlit<: aaft pm%mmt§) taotat i i fiatt ^ » t^vatnoraaia RlaaAt 
afo ooaatniti aifootly or iaiirootly for tbit foBotloa at miXX 
at ttltwlatlioo of ¥m mmAtim* X» mm pfootot ia«oatifatioQ9 
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f f io l la l itakUteivM A CA ytytotoayfat) i l l «rAtti«ti«t H M 
•bMfiPti •« tlw tuMwoyttt Of |i» l l lwni tmrrm MB m i l M on 
thoto ^ tii» f tb ^atar ^yapli* end «dai^ ^ Utaailx&lttft 
j IgattBlAlni* ^ ^ iiNiattteii <if Mlaattd doMf (0*5 uf^ t»0 itg» 
9.0 Hit H«0 Bg «ift 6*0 ug/lavm 9P apipii*) of "Bm^^f mm wsA 
ntMMt^rom A tiy tilt *!r^ liiitwp lAnrst of 1 * l H a x i C^ ^ ^ o l i ) 
oaaMd ii9i»iftrofidt of i>oth»lo«ittal wfwp%m» in ^Mtr fwAAooytos 
lihidH ii»i<o ooapofotiiroljr sttoxo ^ B^ oodiysono* l a %*m siibio** 
ipont iftttaysf e^«toor^i> « ^ tphtxiilo ot31i imfo ioHstiniai* 
gHiblo «toii W t!ift IfitolM of vtalnrtt doao «AMf@as ^SpoHaoacH 
<^t«t ««vo QfHf M^glilf aaa«i^ by ^ i o dose* On tlio otntr ^mmlt 
fodoflftiist plaosmtooytotf $ftmXm itmme^t»»f ^mhsmm^tm 
mti& ooaooytoldg wort tuostsaifoly daaogtd atia dialfittfixmtedi 
voloU'foly wim t$io etfongtli of tUt applioA ^aog* wmn oooli 
of mate Itofloo of liotli ttit OO^MOOO IMHO ingtstti l^ tHo i tH 
loator loffoit H^o po^toro of offoot oo ^lo !Mon»oyttf of tfit 
pmpmm woo t lMlor to thot oo atotioatd in tfto oait of of footed 
tm ioftar Itrvoot tout in tlio in^ol ot«ii» aU l^ ypao of htaaooirtot 
oofo higMiy i«Msag ovoo gigiotii %f ^ 9 og ^ao ana only aano 
aoUa vofo looogolagolo* Wmmmwf oooooytoiAo noro aoapax>»» 
tl.iNily foalatoot to tfMaa doaaa oad losoiiMMl liitoot oovo In 
matibmt Hioo otiior oaUg* 
I t vag alao aoto4 l^ iot tl» offOot of laiootioo of t ^ 
aoM aolaotai iooag of NoldUitofOflo A io t!» 9tli ioatar oa wall 
00 4th toator loffvoo oao ^bailor io yottaitt to tiMit of tlw 
7 
mntSAWf) M ntnUofitd fM^ B»««d3rioiit and H«kigt»veni A| «o 
UMI 5t!i inttmr !iipjp»rt of S>« Blirai1Wll£ltti •^•o daan^ iwl aiH, 
ttw HfMmoQf t i t r«ilfttiT«l# v l ^ f«ip«@t to tlio @tmfii:tli of tho 
d^mn B-mn In tlit ««att i?«t«r« Bat ptsidsal iiffdet af tlioMi 
lotet imt mlao foufii la t ^ Haonoeortos of t!i» tsdiittt* In %MM 
!rp»oi#9 aliK> ot!io^told« wtm mott fotifttaat atll« m^ nmmtm 
Hs@i9oef ^ -.99 ^ r e laost •otwitiYO ooll«« 
T% ^ t a l !w®.?9O03ft« counts iTflo} m %mtl m (HffsrontiiaL 
%mw»ay^ ooants (BHC) ^ tSw affootod lainrao of 1 * ^itai^ m 
w»ll as la m6 5tH Instsr hoppors ssyl adults of I * «i;igrar«mli8ta« 
ifOfo wXm «stl2iatodl vltli s YISV to iiavo orlglatl IrdTofvtstloil 
on ^tm &»mt%y of the hsoaooytos sM ^a t of diffovont l^os 
In 13M haooolpiili of loioots foUowlog llio i#pliosfetott of 
o«»itaoos oedfsofios* tim fBO wovo on dooivs^JC tiood witli 
folstlf i ly stfooior deoof 9€ tlit i^Kliid ootfysoot m noil • • 
log of tiat f^lXoviag wUaoti tB* f^ uHlioirf B»o«Afsont woo 
«MM offootlvo to fodooo «M VW t te i «iot of tlM Hokiotofoiis k 
i» tiM Iwpvao of &• H i m * Aswof till tnpoi of oolli tlw 
^•rootitofo of po^oytoOf t»U«Mtooftoo oiil tvoaiior iMowKqrtos 
woo OQl»|ooto4 to yoXotl^ f« l l i^fooo pyoliiooooytoo oni 
8 
Iqp tlw • f f«9t of ttfORittt 4oM KBA In vmeli «avttiio«<l t t«i« • • 
ft w t u l t of !il«li*r rat* »f 4N»ftmioti«ii of o t ^ r tfiiot of o«tIt» 
X« £• j ^ U a a n l i l t t l f i r«ai i«r ^mtaooftto noft the noal oofiti* 
tiv« oftXlo vfiieit mv fttmihiXfttH f I r t t * Tfw pi&ottfttoortot ftnd 
the pfoliiMiaoQ t^ftft « • » »iieg«Miiwly mmU Bum oonoeytoliS* of 
thio flpooioa also imi isi t i •fftintt H M toxXaltf of ovoit tuo 
•tvofigoftt do«o of liotli XrSol anft Mftldotftvoiit A« I n ^ i l i spsoSnt 
OCKii^ «x«tivol|f fxlol. dosot «f»70 yospooftl^Xt lo aooftaao tl it 
perotntafp of em^ t^ rpo of haoiaooytot aoro ag ooopftvod to t^ ioiMi 
of .i«iicist»roit8 ^* 
TM dstfi avalXabld fnm tlio i^roioat inveatlgstloi} sti 
H* iUlnca i«i*vae as voU as on ! • ittgrafigtolna hoppers nfA 
satilts pfOfi^o ftiiKl«aMin%al and oflgiiMil iafoi^iatioo vltli mn^eA 
to ^w folo of «x»ff«!ioQs oodsrooaot on tim haonooftos ^fhiet «m 
ths lfl|»oi*t«it sltos of IfitoftiodlafT iwttfioliMi in itiioot l9oiy* 
On tho htmim of tt» ttvotnt litf^ofaotiofi tho i|>iPll#fttlofi of 
luoodysofio iragr bo o dotomi^ to Urn ififist«tl#A of 1 * lUstm 
i^ hoxofto Tffiol ^pfaiiofttiAfi M r oon^pol tlio hopfNirt oM ^taiits 
of £ • MOMIBilftlBft* ^ t ^ oofl^ftvtioa to fti^oim (wi liiso#> 
ti«idlo)t B^odyoooo (wnXt&Qf liOf«i«i> mvw to IM • utoltor 
tozio flUosloid 00 &• UJtoMo iMtvorf tl» iifofOfooot of aa 
oodysoMi ofor tiiftt of lQiootloS4os Wm out oni furoioa la 
9 
nvll m im^tmm^ ^trgmaimm tmiixAiMig inoMii btii^a* latplt« 
liMNitt |«»tei pvtMatlf i t aajr a»t b« aot* tosn « oonetpt to 
UM thta in tiHi fi»M iMNimM of timtr high oo«t of piVMlaotioiia 
D E P A B T M E N T O F Z O O L O G Y Piior.es -. /""'^* =''^  = ^'' 
ALIGARH MUSLfM UNJVERSITY ^''"' ' ' '° " ^^"^ 





CWTHYOLOGY & FISHERIES 
^GR1CULTURAL HEMATOLOGY 
GENETICS 
TMs i s to certify taiat Mrs. Aaeena 4!iniad, 
imrestii-ated on the research touic ent i t led "The sttidy of 
hseisKicytes of sone i t isect# tsnder ciy mjmenriaioa. After 
upirsfiil assessi»nt of the ^clinical VTowTwsnB S^.TKJ data 
I p e m i t her to submit her tfbsenratiotis in the fowi of 
a tf^sds for the awrrd of the degipee of Oocto? of 





A* 7fp«t Of Itaeaoortes in varlmis ord«f« 
of iatoets 7 
B« Fyeo haeaooyttt ooontt in IriMota 17 
C* Effoet of ohwiietils and tnmetteMw 
on tht Ha«!ao«f*:o« 29 
'?• Sffect of *ionaone8 on t*ie t»E t^»»logy 
of ha©aio03rto« 33 
Vt Cl^cog«« in tfie liaefaoo3ftii» 3f 
A« Si^eodiiig aoS TBaintenanot of stoets 
itiioott 37 
B* Sa0f»Xlf^  of 9xp«rSj»atal stages of 
IfiMotf 3S 
C* JSsporiaonlal pfooidixroa 
1* Preporatioa of staload l>lood smmttt 39 
2« !Eic»oiiitiURio for tHi dotoetloa of gXjp« 
oogoft in «M» tiiMworto«# Ml 
3* Hotted fmt hUntt^mtamlXiHUtl obM»» 
vatlooo in tte haoaooytot ^3 
1H Hotiiod of do%«r«iiiliig Iho offoot of 
ifUMo^etdtt oa gljroogon d«|M»sitto« 
in tlio lMMO«ytoi >i5 
5* Mtt^ vid for liUtopottMilogioiil offooti 
i» tte tHMWOfttt foilovliic t te 
ii>f»U«otioii «^ twiwiiiM on tHi Urvo» 
of jttMrtnliai U l i a MS^  mppon of 
6* littlioi for iq^ piLt«fttSoii of iiaffnoiit 
7* Mttiiod f^ total tiMiBOoyt* otmutt 
(fBC) ^ 
&• )i*ti«»d for difforontiiki hataooyto 
ooonts (DUG) 90 
9* Stati»tio«l analyeli 5^ 
17 OI^ SHirAHQl® 
A* TyiMg of frao haoaooftos 53 
B« ^ffoet of topioal itripllo&tioa of mf 
and Ftursdiati 00 tiw h^anoytta <tf 
C* Obasrratioao on ^Xyoogon la tlio hm» 
r»c/t«a of ceytaia 5.ns«ats Qt lltfereiit 
ordora 
t« ciialltatl're aanroy tot 
2« ui9tifl]iutioii |iatt@ro and l ^ e x of 
f!lycog«n ie'TOSits In tha haoswoytoa 
o f &a a>*t-tiyi^ and Jl* ^ilmwfc 111 
3» Patiio3«gloal offeot 00 glyoogos 
AopoaltloB in t ^ hawBOoytaa of 
f * **^ '^'f*P AOdi £,• l i t e S i foUoifiiig lit ap^ioation of !^ >T and ^radan t23 
i»« Bffaet of tXOT and Fnradao on tlw 
mnlior &ai p^oatitago of glyoogon 
doooaiti to tua haaaoejr^* ^ l«<^tliiaA 
•IB 1 * l i taaM t3i 
D* Bffoot of appUoatioii of oedyaonaa on tha 
SflfTOflynliit miTHTftHlilBii 
1* E-todyfOOi (natural graaltifig honaono) 
(o) &• lltHBI 
( i ) FaHMlofioal affttot on tlio _ 
(11) Sff»et f a t o t t l hm&m9f%& 
oontitt (tB6) 165 
( l i t ) 8ff««t 911 diff^r»fltUl IHMO* 
«ytt oowitt (010) t ^ 
M j^ » alffnaiitlilai 
(1) B»t!»logieaL •ffoot on tht 
li»tflM>eyt«t« 175 
( i t ) Plff9fet)ti@l \mam^^ mnntm 
(UHC) 17« 
3# Halci®te?9iit A (a |j» i^Bo«odiyaoQt) 
Ci) ?athol«gioal @ff@ot oa th« 
fiaesKieytei 185 
( i l l Effeet an to ta l %j«rfiocyt(t 
iseants ClHC) 192 
(HI ) Hff®«t tjfl (Siffff¥entl«3. 
(1) Fftt^ioloifiosl eff«ot o?i t i l t 
( i l ) aff««t on total haoiaoeytt 
OOuntfl (THC) 208 
( l lDSffeot on diffardntisl Hsyf 
flooyto QOURtt (OBC) 2^ 0y 
(b) Jl* jltfBflyBnlllttft 
(1) Ffcttelfioiil of foot on tlMi ^^^ 
hMMOOf^Mi 21 i 
(l i> SIfoot ott total hmm9f^ 
owuilt <7ac) 222 
( U D I f f o « i e« diffovtatiaX !i«i» 
aoejHb oouBti (DtC) 226 
T. tmaaudOM 231 
immn&siQm 111 
I •xpr«M 99 ^99 —mm of pr^trntA gratltad* te 
Or* ^^nmkm h\am& tium^ ffofcstert B«parl»at #r m^SAmt ^•^^u 
Aligavli %}!i»ft iralxia l^A iil4AiM« aM Idttf •Bp«ffisloa •tuOiltA 
SMI to pyeMftti t l i l t rostavoti ifO^ Hc* 
I aa al9# fivalvftil to Fi^f« I3«il* ^ a % f&rmje BaM. at 
tho DopRTleisat of Q^Ol<ot;3rt Pmf* Hmriils I* Khnm mtiA 
Fvof • J^ «H« iSMdiqif ^m pnat ant i^ x^sonl Cfmtramfif B«fiart«i&iit 
of 7*oolOf5r fo» t!K?ii? tneoursgeiiont ana utoirl^liif aeoosjarsr 
faoititSft« t*iisiii«?tjmit tw is«»tt«8a of ^ i » work* 
I flat ftsfitelstHy l?^lit©a to Br» Sosel, l^wf • Xaat i tu^ of 
'>l5hthml.iiology for fii8 Sdna ©nieaiwjr f@i?ardlfit ti*^toi!iiejpo^r?^*gr» 
X i^to f%»«l fsteaaart ia ejepf@s«irtff » ; 8iniief<o t^ maks to 
ftH tlw eoUoapiao of tnmet pfi^ aiolofrf^ Isdsoralorf of t!ii B@i»tt» 
of Zoologft A*H»tr«9 as ^ell as ffi»fids for ttitSr !»••% ooof^eratlon 
tfiroailwiit iSm period of i?i«»ati^atSoa aad pfoparatloa of ^M 
proMot tuooia* Ttuuilai aro alao dao to Mr* n^^m aiwalA 
for tjnplof lliia tutala* 
tHi flMUMlaX asalataaoo tmm Urn iToiipraity 6raat« 
OonslMlon aoA XodUa CoaaaiX of AgrloiiXtaral Baaoarolif Vow Oaami, 
mm alto grattfalXy aolmoidodioa* 
(iMooaa AlHMi) 
Jfm boAf osfitgr of lOMeta Is iilio an ^pta Qiir«tl.atOfar 
•f fltfia and thus eidlsd as hasaoooel vhioh !iss a eiroalatliig 
tXuiA Jmenm as hasiRiljraqph* Bat t^is flaia i s ^tmrtiXlf 90lsnf>«» 
Isss* 71w hanneKMel. h&a laolaiwd oel l t kn»wn as haeeoeTtes 
wfile's af» norssally jrestluf on ths surf HCMI of various ori;?»n« of 
tH© *^ a9!aocso@I» n<s>ffl§ of t «•» ©©lis mliwi elrosilttfes freely nlatm 
%fith th« *iaenolys)p!i« T*w fiw^ly eircwilstlrij^ ^atnoeyt©s t4«r« 
IdantlflUMl tjy s©'?®r»«5. ^atjyyolofists oiid Isistolof'lsits In t>m 
nlnetftsttt!^ 0#ritit3?f» nin-© then aaity workeri H^w ll-tlifilsrhod 
t^90 ee l l s Into seimyal tynss basecl on t ^ i r iiistolo^rleal 
e*^n.ract«»rl!^ ties» ^1« a'ti s«is^e, ^tfi l^ llrr*it ••tA sleistroa 
ii:!n: -aoipy* TiiJt in various i^eoisa of insects, t '©so c^Ils 
vera foood to Sift-^r imth acoordlng to tba criteria of tim 
individual vorlnr Mid by their histoio^ioal nattire* Althouv-^ h 
i t vas diff ioolt to formulate a uoiforo bmi9 for ilantifioa* 
tion« ola9sifieatioft and oeeiiitf of ttie airoulating hasstoogrtas 
'iif^ ji^ lafiiartto (1959) and J^onss (1962) have ssparatoly sliaplifisd 
tus (Aatsifieatioii and oonMOdlatiira of ^iffarant hasaot^tss 
as IndoiHiiiisiit sf^proa^ in ths saos spaoias i*a« ahfuiiitttff 
mmn:iAm»f (wiffflaswortht t99&| Jonas, 1965) • Wo%»-««r, tiso 
oooarrsnot and distrlbutioa of diffarant hasooojrtas in a l l 
ths siMiolos sloAiod so far ars not ooiKion and tna variations 
a|>^ar to bo rolatad with ths natara of aoolofioal habitat 
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M %ftU at Q«rtttia ot9s«r fMteri ifMilwIlfif tlw food wsA f««diiig 
Hal»it« fntHh^Wf tmtiptn$ la r^lnv t)i« fwifSMtlo aiftyiin%l»s 
&ikl elftstifi««Uoa ttf iiSMdte as vail as 1 ^ airaUi^la lltara* 
trap* vtt iiia»«t twaaMyta*! i t apvaara tfiat «^M» ia s t i l l « s«IP 
df infotnatiaii on Mtia iaportaat and ooaMoolj diatvilratad 
9|iaalaa» 
[ I t wma t)ia7(ifof«f ffopoaad to studir tita liaawM t^aa cMT 
ikl% eaataa of 9a3JU»ir vmip jfQi.t»t«ff ^^ waaM^ Faijr* CH^^an^taralf 
^^3.ta 9f Mksmitmm tfrnlwilllt ^mn* (€oi®optai>a)« ikXainn 
l^ ^afeiiftt^  Tfiattsai^  Ccol€0|it©ra)| lart«i mud adulta ©f 
sstaiiwi vMisIt ate tii»d nn tha bliood t:»11« of wrtaiirat»»» ^ 
Tha oontmet ^ff#et of t*!a InwfetleMaa on Insdet, ia 
iatitrallar Imoim aa to tjolsoo tfta narvoaa ajrttaa of tha spaeiiaa 
ooneamady imioh loads to knock down ttii affaetod ioaaots* 
Bova^orf mrf fov %mrTimrw Hxm studiad tua affoot of tDaaa tmrvo 
poisoos on otbar tiaaaoa of tlia liody atpooiaUy ttio hmaot^tmmm 
Xt ia Will. Mtmrn that tha haaMooyloa aya tho aitaa of latofw 
oadiarr aatibollan* Tliax*afara« la tha pyoaant Intastlgatloat 
tho offoot of toploal qppUeatloo of aab^lottial oonoantrattona 
of a olAoriaotad tigrdxooailwii iWl) aad a oarliaii^ ta ooiapooad 
(Ftirodaa) liao boon atudlod oa dlffarant haaaooiftoa of ttatnX 
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•t(ii»« of Si* ti^t^mam. and g* IUBBUI i^ioli ftfii mvianw polfp^mfsm* 
9«ft« of Miroval ^gotablOt palM tted o i l Mod ofOp««i Sadli ui 
imwetii&tion in a pi«iiQ»4 aoA eooparfiti'vo isAimor %nm not smAo 
taofovo* 
iilt>ieoRh tho hnsooeytes hava ioQiortaiit tola in iafcor* 
aodiarr ia«t«boXii« of & meSntr of tii)»8t«fioot InoXitding poiy« 
stoeHaiddoSf i t vas bought that thuf a i ^ t bo staragt sitoo 
M wolX* Tliio iioMibiXit; %fas yiiialitatifolar oxaiaiiitd in tiM 
haooooytoi of a naxdlNiv of Bj»ooios belonging ta difforent oHort 
with regard to ^^ lymgen %^l<iti i« a aompoan& synthciisiod an4 
storod in tut llir&r sna t^ mteXeii 9f ^rtobrtitefl* Out of sovon» 
t©«o 'iifferrsst gf?ocl©!ff rnrstonc® of fXymmn ^m tn^y foundl 
in different s t f ^ s of ^# oUitiffia ?^id &• li,feirfl» ^^  aetailod 
ooi»l>&rati¥» tt^ Mjf of *»ly80f9!i in t ^ *tfiei9o« t^t» of t>ie9e t«o 
ipeoioe Hue ^en ©irtondeai in sewicisantltatiiro nmmtf related 
to ttM ifoirthf mul^nic t^d rmt«mirpm9t9m Fisrtlier|(_tti« 
^ffeot of topieal itnplioetion of ettb-liitHel oonoentretioRe 
of GOT end Fnredafi reepootiiroly has aleo been oboervod on the 
glyoofton ftmrm in tbo different heenoefteg of both the 
•peoiee with e view to find oat the eyntheeie and storaie of 
flyoogen in ineeete treated with «iie)iioal«* 
the eoatxol of inceot peete bf oheoieaLa (ineeetloidoe) 
hai provod to bo a eourot of toxio hasafd and the developaoat 
or W99ftmm agaioet eertaia iaeootioidee euoh at iaDT in tht 
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mm btiiic fMitts^ * X« %m t t t t s t fmmt wmtk utiMallMi IM« \mm 
9«id tm o^MFvt tlw cffMl 9f •a»itiMiiti •«dif«oo»e «« tli« 
t^« fvpfoiiMttoii tn o«<ter f» flaA out tlM pamifcUity #f 
ftprod^etiw Ifitlliitor* In lti« mm§0tim» •oaytome CneiiUi^ 
iiOffOBfitt} and l^ireiiilA ftonofwe* ffMrtfom m lui^ t^r &t mm^ 
!»«»•• of t^« sator«l mis&fmm (!•#• iU9«^aQiii« ««erettd frott 
iiHt nfottioraeie (?lafid of isMotfi) ^m^m syntlMoiaod ana tottotf 
oo ft vmptMtf of in«eota« In tfiw lE^ sosottt iovoattf stioiii i t v«i 
l)XasHi»il to fifiA o»t tlio offoot of mrtmtn mmts^'w&a not^ yaonot 
an the "i^tttiof ^ 8 of SmifflBtii„iai imm ntsA ilfimiOsEalBJi 
iijjasiaeSBlftliaiAf ttffaifi oofiftia0xi^ii ti^ e mio of hwmmcf^w in 
Interaedlarf *i«t«bolis!!t ami «toi»ii^ of wlymnp^* ^^ Isttor 
spooioo i s a Q09i90Dolittm aorlons ptwt of Kharif srepo in lodiia* 
Tilt pfOMitt invoftigstioi} i^olnioA appiieatioii of 
hm99Aymm mnA Haiciitovotit A (a phiftoeodyaoiit) bo^ by ioloo* 
tioa ttiMl iat»9tioa aotboda on &• UMSM vtwiroao I* algmrmltma 
Hoppoffo^tftel (an ooalAfoo of d^oodyoeat) «aA Haltiotftfoiii A 
novo itaiilitoiod bjf iolootioa* ino roifpooU^ «odly«oB»«t 
mf dl2»«id «o M^Xolhal <loio« for t»o^ tHo apooloo* tm 
pfoaoai npfvoogi of toooatoii viHi xmgtofd to tuo offoot of 
oaofonoaa oadyooaoa hoa a»t booa «a«t oa oof olHor apoeioa 
bofofo ostipt oa tfmlatti mMSmJU^t^urM ^wOf MA nuaUm^ 
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tt«o f«giHPd&iig ^  #!««§•• is tut ii«Mf«f %•• i»«tl»vii tai a0ib«i 
•t^ytontt f«idiatifii tilt ptogrsiolosy of tlit fi«nBm7t«e,tat 
alM i t mf pfOpOM a futniv Pfot{i«ot to oontfot ifwoet poftt 
»t BMHml^rtH 9mp9 lay «» »fnWi»Ue mmalUfm h»Tmmm 
(•odfmm9)f i f teonoisioftllf f^m#it>l«* 
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•tadied by ft la r i t msibvr of vorl»rf osfvHiii • Yarl«ty ^^ 
•iweii»0 of diffofOfit ofd«p«« 7*ioir ^^ rpot aiid tiofaoiiolatiifo 
art vfurlouslf ttaaoS on siovptio1«i^ « fuiiotioiit and italfiitig oi* 
hiatoohA^oai i«a«^Loaa« i'^mm sutliors ^aw gift a dot«il«d 
foirlawt eonQoniliir oXiuisifioatlon of loaool naoraooytat aa 
atudSod t»y Hght mlttroat^fpm CFoiairan audi ^asaatt, 1939{ Xaagart 
19*»5l ''l«glt8%»optht '959i 19731 JTooaa, 1962f 196*i^ t 19?7| S\i|>tat 
1969! /oatalf 1969 aM HrnoXa« 197 f^ 19S2)* i^mmtt tsi«r« 
»]« eonaldafiOile §i£t&mtiiam9 of opiBion ciat^ierrd^ tiawaooyte 
olaaaifletitioa and tarrsiiiolo^* Furth@rt tfiere a?« alao 
fa«arhal>l« diffttx^^ooa Im^mmn t^ immrmefti^ tfims in irartoua 
inaaet ortSoFa* aaeaot atudiaa bf alaotron iioroaooi>a ftava 
Pftrvad halpfiit in diati i^i iaMiif irarioiia tiaanoogpts tgrnas* 
itoat of Hia infomntion oo inaeot hmrnoeftmn atodiiad by m'lMOm 
tffoa wiowaoopy ata avuilaiila frem t$ia fairiai#a of TakoAo anl 
Xitaaa (1971)$ BfaHlin n MX* (197S) aa wall aa fvoa finpta 
<1979)« 
Aa axtrnMiira aoeoitat oa tlia iiaaaoagrlaa of ioaaata 
diaaiiai witto tlw diffafoatiatlon^ awrphologyf hiatootiaaiatrft 
taoliaiaaaf Yartatioo in mfllbar, ayatbaaiat atoraga aa a i U aa 
•ff»«t of tfl»iiii««lt Hftt htmn iNbUtiitA liy rotptetif* ffiMieia* 
l i s t s in ft book ontiUod '*Xasset liasaooyts^ oditsd lif 
4«r« Qmt& <t9?9)* t)Mi ^foosQt rssms aaiidly oontaias aAdl^  
tional iafoniaUoii on ttis typmB of hascioojrtos, ttMir totsi 
(THC> and 4iff««ontiaX oouiits (0^)9 storimt of ilyoeissii and 
of foot of inseotioidofl ^» woXX os that of growtH hofaioats* 
lM«fflfIi» flmmejtms n^m iMion atoaisd in only Xllftygmfoijt 
qammattmrn. FfHskagpaf 1^ fffi^lOOiO (19?^ t t975) wltll t?)0 llSlp of 
llffht rtfti 9%0Qtt^n 'iicroso9U«» I t i« iittorostlns? tHot iti 
t i i s arotelts nroloatsocytes CpvolioKiooytos) Hncw not tsoon found 
^'fn t*«» oells st^ ir»ls«aatastes, «?anttlar *?sO!9oeyt9iif wrfmrnlm 
eolls aol ooamtloeytes (eystoc^tosU 
Qythoptofat ^so i^^ eytoi Have iioen stt}ai«d io a noa^r of 
8IM0I0S inoittain^ MMM aflMiliflHa ^* »^ lAaaudkft •jirafeartt t** 
Ttw infofvation hat beon roviovad in detail \xf Oupta (1979)* 
Xiotsr Shama ana Uutta (1979) dosorilMd tlia ooorfoiioe of pfOi* 
Hsonoeytos (PEs)* polynorp^o platnatooytos (PLs>« gvaaolar 
(uMmooytss (oas), highly ooatobla oysto^tis (CYs) or ooagtilo* 
oytss CCOs)t iplisfiao ooUs CaPs)« adipolMOMOoytss (A£»s)« 
Oonooytoids (Ois)» podtooytos (FOs) ana foiaifoni ooUs (VSs) 
in f1!ftr^ *^ ir**"ff ixiitaliuati JwiasiJweiMu i^ao!!* aaa Ai^id^ 
ftMii.a»a|^ ink* toy 9liasa»oo8tro8t aiorosoopy* ftms in iStmm 
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gi'wi#)0|)p«f*« W0 tfP— oi !i«Mo«f tt« mm ootv «it«a ^ a t •t 
k* SXOSBHOSXB «til9ii }}«(l 01^7 Pii9f Ph9f oa»f COt, OEa ana 
Pr<»^  PLt, §i8 and coa Cf^offlmt and Q«««olf«t 19'^). tlwwrwf, 
Pt,tf 'iBf sfifl "'*f v«tti t*wi anly e«lia CI»1«!S tnS noy, 19iS)» 
Ijy n nufflbtr Of i^ i^Hteii^  an mittmmA by SrtJiJta (t979J« tl5»«i 
iiassioeytas iiart c*3ai»acf»rlst4o«illy Tits, FLs, CliiS| S'^ a aoa CVa* 
Jfffaptayft Information an th@ h^^i^oytas In ^^astt^tara la 
ivaUatol® rroa Aatftolto MllflWlayte ^* (Arty ai^ f^ Hoslat 19Wfr 
and t9MI)| %%l«n 1^98 XaiiallAd aa laij^o&laata (laatlier o»l.l8)t 
«iaXl foundaci baaciphil S^uoooytaaf XaoocMSftaa ¥ith ''4tial^ 
oy^oplaav aad Xeitaoeytaa v l ^ orystallolda* ilowavart in t$ia 
larval stafta of t^la apeoiaa Xnrm eoUa Hfuurn aa siageMiytaa 
tpava alao aaai}« 
oi^tyaptayat ^i^iif i>ia^f9ptara fiaaiioaytaa «»va a^idla^ la 
PtfftTtiiBill MIttiillfilil ^•f £l£lltlJllliift i f t F ' ^ f f t f ^•t MmtMSiM 
ttMtaMM ^'f s^ fttMi*yi« <iliflaiAallif i^-afc'io'ffli jKBifflififtef s i * *v 
frtimwlMHa ••Htntf BaiioiMMilii Aloueift Altitii!*, 
twrltiitiiat aiiafttrla finlgatat FtcBoml^ tta tmiiiwiiiHilif 
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SsiiistaanuMM JiiABttiilSf P*W««»I^ •^Mwt«ttfiawat« by aiff«ritii% 
«r0rl»r8 fffon t iat to l int* ^«st of tht lufofmatieiii o« finoao* 
eyttt of tilt at In i tet t h«s bttn fovltvtd hf Qviptm (19?9)« 
firattnoo 
of anily Tslassaatooyttt aad ogrstooftes* Surthsrt BotrwaM ani 
Bo«»ol» (1970) airJl aotrwaM (1975) wt»« ^^^ to ofe^nrt r i « , 
FI.8, siitt ^^ '8 ®**^  ^^ «^ i^ *^*® »««e in«tet» tfm natO'aosytta of 
1st fmAmrm ymm nXm slilXiur to thtoao of £• jsBftJeisnaA* ^ti« 
saa® lyptt vofo oonflrstd Ijy Soharwir i%9W %n othor 
i^letTopttra* :Co%mv@rt uatiordttm to <rfioM (1972) i a mfi^ 
rom'^u twXoogl&g to 16 mmiMw% tim iim^-ntiyHu ^ mm Wm 
t ^ a t Qt £# .iSifrfft^ iftff e^espt t ^ ^i^ii2o«^tts vM.#i wr@ m t 
sf»an in ttiaaa Inseota* :ioaU»ary to thB ear l i a r obsefirmtloiia 
of '^ fiDcoclan C197I) i^ IdmSEUSMA W^IXSSL ^»i l^iranta nriA 
Ma'??;al®l (197*1) aid aot aentloB tli® oo«miT®iw» of i3ro1t«e!t!o» 
eytaa in tliia apoeiaa %^faaa t ^ atf^r eella ytir% Vm nmm* 
f t ia intafoatiti^ to mta that in fif-ifftiMQ^ AlOffidLft* tinliln 
Otlwur eooliroaolwfl, Mtnti'hmmmeftmw ^M oeiK»o;^ toi«3a %mim alao 
pf««tiit i l l atfSitioQ to mom aonmoti ealla i*e»« f'^a, FItat ^^* 
afi4 f^^ a (Kaohetovay 197^)* Alttiotif^fi oyatoesrtaa or ooagolooytaa 
hfw bttfi foportad in aeireral eoekroaottaty ttitaa oalXa atf* 
aiiaoot in PfoaflpHjf.^ ^ atysruatioan^y avan umltr alaotron taiero* 
aoofM (Aini and Sato, 1979}. 
UlUiffTimf* Xn thit ordar haaiioaf taa ware raportad at pro» 
Iatt0O«ytoa laA plaamtooyt^t io L—aatifttihytflf^  StaJttBJMfii 
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(SrivaatttVAi 197V) ana in itaSOUM AWfllWll tWIRiltilUl P«tert» 
Sanaa aM Agatval (1979) atnUontd PEa, oaa» and OSa. I t 
apfaari tl»% lis tlia ^attar iqsaeiaa plam^tooytaa wava oattgo* 
riaad aa graotilar haaooaytaa* 
Httali>tarat Foisaoi} ^id Pasaon (1939) appear to be tha flrat 
to IMnUtf tm hamaefUo in hamiptarotis spaelsa ?nit»i«i^ i»ii^  
meati8b«yanlf!ia§| f i l lot , on tM Isaaia of Q^ rtoDXassde inoXuaiona 
and atainltifr* ^ecordin^ to i?wm hae^no t^aa of tiJia si^eeiaa 
ymve was: oell««| oaralne cellSf eosinoohll oeHa and oalXa vith 
n^mli,o iooXtisloiia* '^ t^ eraX wiT^va eofieentrated on tiie 
Hae^oeytes of .ai»4lltl«l l?rQli3mg *^taX« (t i^ufXeawortli, 195<^ | 
.Tom 8 aoi BsXlapa, l*?^! lorn a, 1965| ,Toa»»t*El*?ook| 1970| 
La BXaiset 1971)* '^iirXaairaFt!) XtiljaXXad tfiaie oaXXa as pro* 
Xanoooytaa^ i»hagoey%le asuoa^oytaa of vapious fofaa (iaoXtidlni 
rXaaaiatoeytaat i»odoqytas audi 8Plii70idooyt88)t oanooytoids aa 
vaXX aa adipooytaa* Tliis eXaasificatiofi was alii^Xlfiad by 
Jooaa aaA BalXard (1959) vtio dafinad thaaa mllu aa PEat Pl'ay 
ORSt ^Sf OBa and CVa or COa* fteaa tgn>aa vara furtbar eon-
fifMoA on «M baata of aupravltal atainiag and phaaa ooatraat 
•iofoaeomr* loai^Lal-Fooli (1970) alao obaartad aladXar oaXXa 
by Xiglit nioroaoopy but wi^ alaotfon aiavaaoaipy ha ooold 
Idantify only PRa» F)E»a» OSa andl g^ iHiiXnaytopbaiOtta baanoaytaa* 
With «ba halp ^f pbaaa^eontraat nioroaaopjp LaBXana (1971) 
9ibmrmA mH^ FRa^  PI»a, one anA oia» 
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1tit«iO«yt»t vm AtttHrmati^a M Pm^ Phn^ M t^, 9ll« and Olt 
on tUt M«ii of Jont*! e t i t^ i la (Satai afd Klisn, t^Tif)• ^owtiwri 
ls!ei»Hfl®<l ?ng, t^ LSf ^^s, "'^ s ««! '^ i» In aiditto?! tft wa« M I I I . 
Tlw fw«-^ 'i< t^t« o*^  Jgioa Ai.!M£lft »^ (? l^^ '1i«|l afiil KSiaji, 1979) and 
f^se 3** inKitau^siaa aatifflaaeaala '^ b^r« (ni^ sdiQi, i^H) ana Jtsuta 
Jl^ l^ i4silift J^« C^^ all awdi 'JTOta, 197S) mm UK® tiot® of 
U^li^raiJlt ^yat^ OjTtas ^vi» adaitlosal oella* But in 
4fifyiQi<-^ «i|^ f^ ffl f^ ^^ -^^ a^^  .t^ itaH y^ .^^^ra aixiBos)! (19?'^/ i^ eportadl 
&tSL^ l'A8f PI*St FOs am Qy9» 
i^tajEgaJbMaP ^ ^-r t!® ^ e s ol' nasssacytea hs-ve &©«fl reported 
tn dtily adtilt stotwfly ifljesnffiyKlB MtHQAfi -Ict^t, 1th " ?«, P%8, 
Umidyptagfi Ttier f]«0 !ta« noytest af L«T>l^ cntspa «)«r« studied 
in 6 vftflA^ of smetes fvms t$jm to tifno* A ytirio^ on ttiovo 
lioonooytot wma ^iiron by Toafor (t9^5^ (^ nd itinnon (19!^3)» iat tr 
inrov^^tton lios lioon ineloitod in tlw dotaitod fovlov of Ouota 
(I979)» I t i t baood on inooott inoltidinsf f>rf^ f|» f^f fpidaniff^ 0mm*, 
Sttiii^ HKlMBI ^^ fefe*«^ *^^  Boii^ovaJ^ PtlUftilfilltt ffynth^a xi^Udf 
12 
Ihl l l l f l l l l lBl j i t l i l i f l l t f t Pifc******^ **!* iSlinUttt g^i«ft^<^* •Mtltiaa StolH. 
EMllBWrtHtfi tttatiftHUi «^>i»s»r«t ItliiflaaM iiitSda ttiiii»r« 
iMif« i»t iaeludttd in '*XiHi*ot hmmmyimt^ ^ duptft i& lil* (1979)* 
In tUB ftiUy frn>wii Xarvoe of M^mSM Msill^tmM iubmr^ ftnA 
!al»ili (1977) {>li««rvtid prolcuoooytoi^et i^ S^t ^Ki| cvii adipo* 
ajrtes^ FO*, sp^wroo f^tes, rtiepimtoa^tts m& t#gtf}iratS^ sells* 
^^ iMMM 1^ &iffi«)^ jLiia Cliflttllafftia XljelUMlAt ^^^i ^«^t ^^>« 
3^9, 'Jfs ®iia 5mf»oytotiJs vcr@ Identified {fioitt«t and I'ermo^ 
i'^Tp''^ k^car^tm to 'leiiEislTi^ fi aM loiwtyssifi Cl977)f ^»r« 
%?«»• 'jnly '"""sr t^id 1S« nu th© hf-^", n^ uitrsstpuetiirw snS oyto« 
e^wrtlstiy of t1» oljw*V'flii«? Mmj-I aalls of .^ f|t»»yflp8 SBUCaii 
"nto (197<i) iisUnrrerttfied 7* Is, 'i ta, '^ sf, 1*1.9 sn^ osa by 
el»etp»ii wtcf»«ifm» tr»H8Rti»8ia»» ^wt ial t Ct97*^ ) !« t»it 
Isf^M of QHtl^if «4wtn« ?^aXlBir» i9«i}tifi»d L^ a aim* TIMI 
seae tyiiot of tM«?;»03r«»is ^9m rwor^B^i %n h%h inttty larva of 
JM2A JUSlildUlii ii>i»if*| ia l l (I979)« Aoeordliii^  to SalciBi (197S) 
in tHi iarta of La«ft»tafa «lffft**lM* ^* tus fraa iiaetao<qr^ s 
wato pfoXouoooftait tanoronaolMMgrtiif aiofomolao^grteat pliago* 
oytta, ••aaeytoida am aoainopiiila* In tho $tb inatar Inrta 
•f aaiaa boivr Qafenfff^ f nnH^ftH* itfi)aar« ^M% PLs, Qts, 0£a 
ana f«F8 WW fopovlad CHtaoaa attd Zlaiaok, 197S) Altai ana Sato 
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C1979) in 1« aB£L.oofiflnMd i^ :ftifl tiw tkmavmnm of fiipt r^p#8 
of tiaow»Qfteo vit*f F^t Fl*o» grmntilo^ttot tplitfulooartoa aaA 
Olt If soamilQg &iid troiw^atlofi elootroa idorosoopy* Boitupo 
Afii ^Jagralokstei Cf979) in tdvtlt iocatft j lalM F^r*t ^BLtm 
twmA Bdi!po^wmmo$tm9 am ooagulooytoo In oddltioii te tho oolla 
iti jyi* sail* ta^rt /nxild C1932) fltudio^ Xonrsil hotmooytoi 
of S5 »p«ei98 of t!)@ faiilijr lloctuldae aim e9i«)l.^«d that ^lon 
%?Ofe fmiT f'jfictlomdL tfT$«s of eoUs In the«« i^ocief, vHleh 
>^«f© p%Uf ^tsiwilosytos, ®w!i»iiiluoyt«« i^i«S '^ St* ^t»tfmtf ^wmh 
typft %^^  irarlatl*>!J« tn si-^ ff^  fow and strmrtwyo in ailffaitfiit 
isytsfts i!ielti«©1 ^'Is, T^ T.f, t^i«, a'.«, '^ Yt, A^ s BtA r^'n (Mn^^ 
a^t^t iiaain lateosaiKgJ^llat *^® e®2.is wf® ui» tiooe of 
2* 1 i^^ g# lapva© ®^ e@pt tfso aiijsefieis of i*is mm ZYB aaa tlit 
mdtU^n of itrmmiXo^ l^t&gotis oeils* In .g„itl,lii'|fi n,l3Ut,lliiA» 
lar^s AsHHarst Ct9l2> furtliar oooflfswd Ids oarXlar otitertaUoiui 
on tin o—ujpftnoB of i do, PLa, SpJiaruXooytoat OEa and s^u 
(gfttiiolar oaUa) on ttia basla of tiiatoo!ioaio»X sl»$ly* 
F^f**f* In Diptara tl» froe liaotsooytaa of tlia ttaonoXToph 
twn 9tii4iad in a f«ir Inseetay noatly in ,>f<nwif>iyf.if speoiaa 
Vi«!»t J3t« n i l i a a t ^ ^ Matt;., H* a i i m E i t l l S '%if •§ &• OTfftiMllii 
Pattomoa aofl v«f« «sA a* ji^bnlaii in ttSiiUon to SfttttrotHlfft 
imUali Garten gmwryhiiffl faXmililii I'ansoUo, SaiiipHBn 
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iffitHfiwtnUiU ^•ii«f imriiiiMmt HBHMI ^H» i&wtH 1979}* 
A^ '-^ irfflllltWl atllWltf>ffHfi ^u fl^ A^ * (1976) alao •xwssifiM 
^ i fsftft !iani9ttf%tfi of the haMioljrevti toy •l«otroii mtetowavpif 
and dti®tlf}gui«¥i«4 Fiifly Pl»8y granular ooIXa* wftA oalla aiiA 
OMf• This ileflerlptloa ^.at, !ioi^ var« not la mnfonaiitf vith 
t*iat of *'liltt«a i%9^h} la ^« @&m siHi^ l®i# "lilcli flld not 
iaelnasi T'ls aM cpyatat aella Imt sJia^ wi t^ w? «^ ni!»f»® *^ f 4i>i, 
^ e aaa otiltimialamta aalls* in the QWBV tmM in 
2* aolami^iSS* ^l^^ C195^ ) eaatstsS®^ %hnt '^»» ana l i w l l o -
aytta y^m t**e msijor tyro?! a** ©^iwsasqrtafi ms stti'jilai bf -nHa*!*-
contrast tiienjsc^my. -^msiTwrf i i J.» jC&M&i *? l^j '^ tis, tf^ a^U'v. 
?^ yt@9, •^ '^ ir sal sffstal tt^lls I«T« ^atsrltiiM ^nat^a aa^ t 'dtsivst 
1979)• "Jtt tHf? Qtt^? i^majfy i^ *^ l&rvm of t i l s st^ teSiss 
2^.« XfllB^^ !^riHlla CfSlS) tilstiTO»tils^ iM twa tyti*.s ^f "''S !•«• 
aaanialJWMI* a«^  Ijiiwllaeyleii la adtiltJUsa 1^  Oltt vlile% '-^ ctirdlag 
ta thlt au^iari \mr® ^n efystal oslla af tii@ earlier carters* 
DiaaaMltig tba ilstributloa of sphatoil® oeUs« .^rila f&ad aioor 
(1979) ia ^msBSiilii apeaSss Sasorlisea that tiiosa oaUa mm 
taatfitttod to larval sta^aa a»l a«Sa 5 * 1^ of ^» Haaaa^tea* 
Aaaofdittg ta llitaa oatnara the oorpnologr of apteral* eaUa 
vav&ti iMtiMMB apaalaa nainly la sliapa and liiBXaaioaat wMoli 
waia oiral (•iiliarol<lo«yt9t>t polytedral Ceffatalioia eaUt) or 
eUorly orrvtalllai aalla (orfatal aaUa)t HlaML (19S0) in 
£• rtfnrr^tir aadi &« llTinliil e«*ltlali!a<I tte fliHllnga of 
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Sfai« aiKl §loor (f979) \xy •leplaifiia;! tteat tbe wpfBtaHtm 
MlXs ^m mt ptiafooyUe tadl nm surf MM pxwiMrtiA* »f tti« 
•lid f»t 9r$9UX Mi l l* 
T!» ot>tOFr«iti9fis '»« th9 fwi« liaftaoeytw* ©f >lt^ttrft ^»m 
aXto aiMl« in SMKI mtt^ SB^OIOS* In J iMi ^tt»«pify|m tsrvM 
of Vt*i IttfitJirt ?»ftly rta^ rr.s, t«« tjm*® »f ?*0» ai^ s?»liiy»tt«s 
new iwi56i?t®a fey .^liat and ?Htif*i C If755 ««**•? f»*ia««w«ioiitp«i«t 
ilttfflliiati^n* ""11 t'N@ @t^i%^n^ in 2SiuL§M V%^^M ^* ^'^^ 
iMSJUtiaSJ^ ' • 3.aff?ti®« >rif aii3 Bwhlla (1f83) f^ atini only 
"t.s aii3 'lut i^ MciH :^©i?t rif^aMsil as i!ws»lv®4 la t3!mf?«3f5yt9si« 
ana saalaatn f^raamjtion. '.aXl CtBSJ mr$Mmd Vm stujstaw o | 
But AKcd ani fito Cl9r/) in MM^kXU iUmMkS larvni 
nbMffwd PA9^ VhBf granais»€qrt«8 ana AJS aaa rattly oaourring 
SMt AA jii. (19^) in filflgglna TiilflaXii nn^  £• 
?«ir«r«l sorter* oono»ntrat®a on tli« atudy of 
!tM»o«yt»« in »M fioatjr n** JBig a t l l lg ig i ^* t%ai«t tmt a* 
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r«gavi« ^M Isypvt of mUXtf ttivf* art gimr&Uy diff^r»ae«a 
m Hioir «i^ifitiMi aa nvit i i td tgr Gupta (1979)* 
X« addiUoa to ^ 9 inforaatlAfi g i^n t^ ^sptm (1979) t 
tiaaaaogrtai h a ^ alao baaa alu^lad hf aoaa aofa noitef** In 
tHa Iwnrna, i>upat an^ wntrtora (a4iat) of A* ailXiCftXAi T i^polt 
rWI*! (1976) l«lontlfl«id fotir ftinatlowal nodi ^»rp!wlOffleal 
f»fOtt|i8 of fsaowsoytes vi!f», t^f^alatieooytetf 'nfiQ^^oeftoif oonaof* 
toidt and a!5*jepulcia!yt«s« l=^ «t in another *^ fWBnoi»t»foti8 imaelat 
Iet»i>«rttigiifl aal iam ^fo^sodiaa^ha (1977) 'mmrmA a mm tywi 
of liaemoeytB t»n tSi€ Ijasis of fjwtn tmXcmv Ifi ^i«lr oyto»taii« 
•'pofSf Xarvagf 'fn s^ ^m C1977) £>tisarvad tgrr^ieal Haarao^toa XilBB 
t!i«iso of ot!i9r oraera of Insaeta a»l c;rot^ »«a thsa Into r.is, PLa, 
Sis, ^^a anS O .^s, l a ,/fg,ii?f>mt,to,» jsa&kstA '^'ilir.t tSiase waw aoati^ 
traTalar oeUs tind ^)@Q tlie pXaaaatooirtaa* Q^mr iiaaiaooytaa 
vava auii^ aatadl ^ oildlimte fi^ ora tlitaa t^oa Cl*@onaf*ilo MX JiL*t 
1973}• SajpoXc •'isi^tiuUi J l * (1931) elaasifiad «ia riaaitooytoa of 
Foraif^ jpi£ft and £• SMSM ^ t>roloaoo«ftaRt ttimfpogrtatt oonoojr* 
toida and aofMroloeytea similar to Ihoaa of i a i a aaiiif ityf 
daserlbad toy Zaf>oX*S1dltt) (1976). 
Coloaotag^ dnnta (1979) i»&a frtionad tfio hie«io<qrtai of 
||^^pii>tMM>a^ iliOBldUyDBAlft ^iV»t 1?aaat>|Hfi| Mpl i t i iy t « afll 
^^ i^i>ifl«a»fjt falj>laiiti|p^ t . ta t t r t ^^ Bai antS ^ato (1979) deaortltad 
tHo ffto Daaaoagrttt in i!irlf**fllfrftill JlaiMUIiS4L.a8 ^is* Pl^ii 
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the ftvftlt&ible infonimtloii on ^9 tjrp^t of fr^t HMSMI* 
oift»t of IfiMetfl of Hffumnt « r i * r i i»fottiet ir«H.8tt9ini naS 
(lifftf»fi(Mia In »>t*?fwl«t«t*«« 'mwfert »«»e aothowi h^vii tr t td 
to axfjlaia iwre ecwuwin and l»««lc tyiws of ^«i!?ioeytoi» ^o«t«l 
f19^« )^ in t»w basis of *iii Qhmr^ntl^n in ©iffjf^ f»«c1«s of 
in»#et» of Aiffipfcnt 9yd»r» oonaltjdted that ll^i«* %«fi tUxvt 
ti'^^m'in tfimjs of s^^ -^ iotsytea ienontlJly Drta»nt in %^m inmatMi. 
m*ifl ^mm vam TRs, H.» »*^ Rraisilooytes or egpitooartts* ?::j|*t^rf 
>!© ©^laifia^ tV t t ^ 'iceawwmjft of splieruXo«yl»s is y©latlv«ly 
fs«t'-s®atf liet asmqf^l^u «i«e faiindi oaly tn *'.• ©rl^iyfl af 
insuatSf » 3 t l f ia UoI«upt@ra» 
!iff@hiin a3& ^ » ClWS) »ttiii»5i tup ^apisjs^tes fi^M tAxm 
arAers ®IKS ais?tinfBigtea eig?!t tyis«8 of bloo^ eolls as '^'is^ i 
*^ I»ir, 0E«, f^TOnmlocytei, SOs^  ?rs^ ttirod^oirtoidii aiii pi««S©«ft«»« 
A«ooraia^ to "iw>ts Ctf9«?) i^© trnt-woytii ult^sstmcitisrally 
f a l i into ww%n trp99 vtw^ t^ir, ?*I»», imnolooftoi, «pf»folo-
eyti«« A^»t ^^* ^ ^ ^ 0 * ^^ ® eonol^sion ie t>a«»4 on His isntt 
of inforaetion on tHo fpooSit* ttiHiiNi m tmw 
iftfea i l l i ini>f||fft 
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vtst <>fi Vm ttsrfaott <^  viirimtft ortftiM «f His ho-^y osvit? ^ t 
toot w U t «lreulftt« tt—lf in ttw h«Molf«i»1i or tht blood* 
THt aaalhor of t>ie otrenlotlfM; oolls narittfl onoivoviftlj 4iirifi<i 
^te^r#3«^tiit«i otftioo ma^ Mffosvi^ l^l^sioloifioal m%mtm 
('*iif|lotiiortli» 1973) • 
In saaogr tiotaisiatftbolotta iaaeota the £Hu Is hlglil^ 
vavia|}3« duriog nn iiKSlviittal stags of iMf@liipii®iit» But ill 
sia% lioloM!t«l)oliyti8 i{is@et« His liti«aoqytos ifiofdaio in imifiOf 
at a foiatiipol; ODSstani' rata duilQ^ Xarvai gitiiftli &m xe&eim» 
to a maxlMui in tlit pre pwpal i}«ri9«l« tHati dooXioet wry rapidly 
nt i»iif»atioii at!d fails tu Difiifma Imml Jiifing tit&t stapi* li, 
sllgfit ii^ «mt'«© In n^f&si? oeistim at ©tsur^ii^ of tite o3«lts» 
*ow«ir«r, the iwerr.?« wmtser *^* f^ ^ae oft Its ia ^tsrlR'lty lonor 
ill s^ulta as QTTmriT^,^ ^ lai^ f-^ l werSo'f. "^ fi * t^*! •»i*ti».s»1 *^ t«>. 
iwtatKjtoas i«f««et»t *%"=> T«!C tetii to tnofe^ws nidov to oaoli 
ae^SysiSt tlisii daet^ase s^ ir-i^ tv ' t aosiysia sii! si*nio IncfOasio 
sfiortly aftarwaria* «*«r^ iei»f the total hasnooyt© eotjots (TrKJ) 
of iosaots aay vai^ jr treatly vAtH taohniiiMi* 
twstbmr aodi t9nmr (193^) initiate t ii9nn)Sti<tbtiofi on TIK: 
in iosaots sauaa than axtoodad i t further 30 as to ioolo^ iasaots 
fron Orthoptsra« Odooat&t Bamiptsra imi loaoptsra (1935^ «M vail 
oa Saurotorat Colsoptsra« l^ apidioptsra imd %asQoptora (t93^)« 
Aooordiag to tiioa tho 7^Q of ttio qyaq»lis wsfo oi»aadad tqr thair 
iaagiiial aooats Imt on tha ottaar haad, tlis lartsl soimts aort 
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tyigfttv tit^ fi tn&t 9t tut lai^eMkl ooitata* tfiiy aim sug^attd 
tiieh fts i?arfttltini« 9irt|H»8itS0fi (or oitrfgri^ oo^i9e«) and 
i^vim»4 mi Atwmmm^ ^ 'tutimn Cf^53), Jaats Cl962^ ff6^» 
Cm) S^.lff Milffl8lftlmlllOT„„lllilftfti» 
Ct) I&jHttitil Anm§U* Ifi tst«tJattais€il«ras tfi^ssts mte«i m 
i?i bl^&d imltma at ec^sljr iimiM sfmf m ^&mnm in ^^ B«i1»«r 
of etfHnil.fttiQ|| hmm^wytmrn ^r wmi^ miXXMimUw of hmsmt^iithm 
ttM mm ms of iMBi atfigo a»iiaiQp|h§ %9mm vm kQ^wt? 
(OolUn, 19^3). F®lr ana Coimor (1969) aetioeil tHat WK 
inofiWMd •UfHitlf Mrtm tDo first tHroo iayff «ftor ooiyaif 
(35l«K^«i^ • l>050<V^ wi3 4,1 aaCffPtlliit fllffllilHl* Bahi^r imd 
Fomoii (1971) Olisoyvod vori^tioM i» mm fftc in i«lati0ft to 
«oiyoi«t doi^ loiMMNit sua sex in HM imgf lilms^ftHiilA^ ^nidi 
a»ft KiUlfl tl975> •todloa Tm o f D y a ^ w a ^ lytntili^^ff IHIS ffOfmrlNl 
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a p«&li duvif i i ^M InterwitiXt pmrim nsA ptiar to ^m wmttum 
fliofpl»«i« l a tUtt 5t i i Iruitav ngrai^ tis* fttrtl i»r« i n tiio n»vly 
• • • r f t ^ fMiaifirg THO imfit a i f t i i f ioaat l j r I t i ^ ^ r Hiftii ttios® of 
^M aal»8 of the Q«in«ffiMiiKiiiit af»* fQrt}i®fw»f«i« tiM iKe^lmr 
0 f e«tts %mv mmximm ^fow «iatSf»«» 1« tH«? iasl©a aa^ f r l o r to 
ligrlii j* of ismh liate?t o f osrfr© i n t f i t fea^les* i^ tiawprsva a l j l « 
Cl9^f!) 1« ^» e|n?nilati^f ei?»fti!*ig-^ Ms'fier T^c: i n t*H» fojsaljis 
tlMW ^ a t •^f tHe ^al©»« *iapt%»i», t !»y ^Iso i r t r i f i t i Vw 
©nr l lor o'bs9t»9?«tlo!iis t*».-'t I n \^th m-mn Vhawt waa v. r?--^1iial 
tdat t i is^wt f r s i tV* fr»f*in^n«* of tocH attsi?« u n t i l s sfisrn 
f a l l !5S*^i^ th^ mxt r^iti lt* -Kit tlie mnsilior of liae^KKsytes 
?»snernlly trnteaml ^'r':^'sVl^ f r s i 3ra i n s t w n^'^ph to t!i8 
JSSSMik M a l t a | § v&ijpl&tl f m»i I11'>3020 ani frs»a 1900-3326 
vosisootiirolf (ciiawim and *.-utta» 19?9)» Is laa a ^ A^JT C1932) 
l » ''^ «i»*«a^<Mifeyif«« saflm t^rsraaa ootlooa that xiia £|rp«iii*o(l to DO 
( U ) IB ftffiimrtWIIIfil' gfffyllttgjg* Sootft «a»^  ^^tMrl^EkS (19&<l) 
dowf&bod tHftt ot}loRKliin» oimtod 90m wpafvnt inofoaoo In libo 
tSC of troat*^ ilnorlcmn oookroaotway £ • jotxltt iai (t*»)« fixpthtF 
I n 3a2Sft ^t*«t*tii Ttic ioevesaod af t»r the o t t i f o a t i ^ n of ^m 
eofv^ora a l la ta i n t ^ early l i fo-s^an of iStm ftlults, « ^ l o an 
abtpw»t iner«Q«e vas of^ted af tor tlia "^th ^qf* ^lion both eoroora 
a l l a ta vaA eoroora oai^iaea vara a«tlri»fiteN!« t ! r eonnta vata 
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9iffilfi««iitly cl«ef«BM<l tHvoitKtioYtt Vh» l lf« span of adults* 
^mmmwt ^^^ ^nlf imrp9fm earSiaan vnt tvmfnt^^ that* VM IMI 
slfii&fieaiit ^•riatiofi up to ^M 7t»i dlaar^  tout imtor '>ti, t!it 
e®3i}% fraS^&l% 4&^vewM^* Tm toptsatatl^fi of ^ttift, oorpotm 
omf^ttmm an^  eoR>orm aliata vtm foXXov*;! bf a 9ignlfleant 
ttm in 1?i€ THG thpO'.if!i«Jtit tJi® life Bp&xi* If eoimora evdiaoa 
of one iajf o3.i m.hxl% i s ii^ piaaterd Ifito sae J^ aVi Malt* tliiz« 
V&8 m vaHatlafi In laC;; vhitsr mrmttt auriiaaa of 6»^^ old 
adult* wtMin liplanl^i io oiii*da|p old ndtjlt* oiMaao<l m ilgidUo 
fleant rtm Xn I lU* I t Is oanolnaod that oofi^ ore^  osraiaoa 
inflt»!tee9 Vtm Z-U @ftor a eritioal p»rio^ CPc>v;t^ =^ <^ kjl^ e3), 
CD In t^ ft^ a"^ ^ B^f**g1tt* ^^'"^  ^at»l!?t|'tns tte?« ofeseriwS In mtmX 
88 w»ll 08 Irt ^itf^tent «iweyi«is«'t&l eoMltloaa In SaHayfi^ . 
r.hmtmf 1966f .ttjoe??, t*^''| -Tiiwa »wf U«, 196^ nrA fm)m In 
^»m fthf 6t»i ana 7t*i instap lar^oi of H* MilX^JSlI&t '^^ '^  ^^ 
ifioi<««Mkl dtiriRi!: Ifonral di«telo?»»»iit In bo^ fjtat f l » d s ^ 
tinfiaia Isrvoi imt ootints froa Mat fla»<S intoots vofo hlgter 
thoa HMM of I^M unfi»Bd lai^ao (ShsplrOf f9M>« Tli» Tie in 
tiM orogr tfoni* Pii**^ «^ *»f^ i«y tmty^ timi^ t vof* i i i ^ in aouitia^ $^ 
Instar larvo* ont after loultlogy ooil poptilation aooraosod ond 
eoatioiMa to fnU until ptopupotloa (Vittigt 19^>* Shapifo 
MMMk* (^969) aotlood tUtit Uttla ^oott in mil mmmr oatfwmA 
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tetwttn a$QO<^ai^  to 31000/«i^. a u a o (1969) noUowi tiiftt 
e«3JL ^opiiXatloa twom •wrljp 5tli lof tar £| i i ldi JBMIMI ii«^iiM>y^ 
r«iiaXc i^n^sfvi to %« tiig!i«r tSuHi t^ ^^ sd of lets f ta i^tm^ 
fe««l««« Haliitt and r^U. (197^) ttudi^a fac of diapatisiiif and 
iioa»ai8pmtsitit larva® of rgottnanftoai jEuuoesi&ils «^d founs 
that Jiirl?m dlapaaaa Hwra waa a siftdfleant wi4iieti«« lo ^Sm 
mxmbmr of a l l ty^et of "Ha«*i?«syti, iwit ^ti taf^aattf^ii i f 
Sitmmim! tUf* '*^n lfief««»»e?l» ©^-pfqrantBi a«a JaywpaS (197^) 
wieoyaa^ T!tC in li^i^rtl sua eaiflf t>iioal atai^a t»f rtywtlift 
ie^aqlattg in 9ri«r ^ »t«i^ iy t!wi ?in»'ii^ ly^f4 aHa«j^ ®s aasauiata^ 
t^itl» «iet«s»fpfi9si«» StfmM a»S Hinlta (1976) it»di®.1 %im 
miltiwlicsti^n of f5irc:jtatiii^ *iiiatiooy^t In %^ rKKjtaii j^ aacaa 
^qt^ «^»»^ j^  aftJ fee^^r t^d tisu&t in ipneral mtX r»^3bisr iaoi^aaod 
ffoa 6,00C/iHi^ «r 20fOOO/aM^ ia ttw 2fi«l t ) 6tli ioalara* I n 
fifltfKU a m i '^!NP> ai^ Xcifiilaara (1979) attiJi«-4 Qliafi|s«a ia %lia 
tSC fef tttiiig larvaa tlifas t»tir aftoF aoul% and natload timt 
tlMf* vat a gradual iaeraaaa in ric froa f i r s t to iSHtgA inatar 
aai Uwa Ultra vat rtoarii^la iooraaaa fron htti to $fii iaatar* 
Xaagra and OUaao (1981) ia flifta^itm mt^mm^^mm^ mia q i^a in^ 
ftlflUfltllfl notiatd toat tm arapfiMd aigiAfiaaatly dariag tto 
f i r t t hB Hotirt folloviag anarftntt aaa lliaa ^Am vaiatt I n a l l t d 
af f vitH fUt aataifitloa of aiaor flaetoationt* The aotf'Saa dro^ 
in TiO ratulttd nrlaari l f froa a marlwiila daoraatt in tht 
noalbar of tht tfdndlla oallt i«i tha fiatiiolfmli* !iitlit (1982) 
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meAm tUt fSC ia j | * U t a a <MIEI d«9«rllMdt tHat i t iitoi^aiMd 
icraSttslly froQ 5tli t f i t tw to l a t t 6«$i iiMit«r •%•§• <|if9 iraipM) 
( i t ) In ftintrftttftli antill tirtmi* O^IMI@ a»s ^vmv (19^) 
9l>Mfv»d tliat fifii^rta ttanm iaj«et»d ^«lt>i aaliiw fiad lomv 
'^C (1363^^195Q/aB^) tliwn tsi»t of mm»t Jjxtvm (2705S* 
377W»/aa^), Jai»« BIIS I*l« (196f ? f®T!oyt»?i t»»t T%3 of haat 
fisKl Ittrtm of i|,» jnllanil lftf foilo«;iiig Iigatui<e tieiltsdi i ^ 
litaty %mx« mt aig^ifioantly FS'iueed over a p«rlod of 7 di-^ Sy 
vhile in tsm Iwrf'^ Xigatamd in tim tkmrmi$ TM ^m rapidljr 
rea^ KW^ ^ over 5^* Jnwe'^ trt '4^ ^ a tUB lor^a* «««« li^^attirsd 
in t!i@ ^duie t$f t?i@ MJjTf i iv ifas al3ni?io&iitl.y »itllei» ia 
ufifixvd eouQts ia l^tsi Halves of ^® iKKly tHaii lUi isutre&tiedi 
l«r?a«. But if! aH eaios i f ligatuwa irmeets t?it fraflt ^salf 
of tt» 1»4y iMidi »i???iifiof»atly isare tJawr»eyt«« t^ iats !«i@ rcjat»» 
r ior nart* Furtlwr, ^inln una /^mold (If77) oxaaiiii^l fif«ft«ii 
•pieifto of tiOpiioistoys and eoaolsidoa t^ot t i ^ wtto fot«Qo4 in 
tiMi DootoHor Motioa of %f» Imgvm Vlii#i vofo Hi|fttofo4 in 
tiio sl4^U« Nielli (nM) o^foytotf nm offoot of diffoMot 
doMt C0*5 uc, 1*0 tifi, a«0 Oft V.O Hi* 6*0 Off) of B»oo<Sytoiie 
•Ad irapao of SBntaBdhusi | t * f * ^ SIM itoled that ISC oi^ ioiioed 
^ 0*5 ttg MM 0*1 «f doioi in tlii 6«h inet«r lorvao gKntitod 
ffo« tlio tfootoA 5«ii intittr Xartoe and pro tupao sdultod fro« 
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IHt tftit%«a 6t^ iMtar Imrfm* nommrt mmh «n ifioi<«)iit wm 
•tatitti«ftUy itMi&iiiilfi<s«Jit fts oowmrtti to oofitfol* tlit lost 
• r tac tit M»i trm^mt Imsvm^ pm pmn 9S& f^pae vtf* simAtt* 
oiiat« vtittt «f*«tt« idtth U.O ft»! b«0 IHT ioMt. Again ie &• Mltiai 
Hiwi t i M * CI9%) o1»Mrv8d tDo eff«ot of li®atlofi 9M ®e6iymm 
on total h«tw»«ytii oonints (Ti«)« Lig«itioi! of 5*h iiratar larvae 
lidMn^ i^iir timitms. mmil^A l!iltl«iU.y in a i9er«a«t in 'liia In 
botH posterior and satefior 1iiiiir«i«« But M) tiours afl»r ligation 
tlw mVi mEfl»r iiier©as«i4 irt tn» anterior laaif • ?^l»y ©jrolaiatd 
the i?^s0ll>llity I^ edaiiso of tl!ic p'f^ i^ iie® of rirol^i'issie X^aodis 
and hwfs«*noi9tict orgene ia tSif.t T»r»rt of t&c^  Irsay* Igmffa 
Ify^Ma ff^^lfffl llfStiCti tlimt 'TT^  i3«OWsil8ti ftBOttt 6«7 tl*?!** 
f foil an mf!T^m ^f %*?9/ti1' («ia3r • S t^at ln|0©ti'»!i5 t© a Imf 
of 1350^ 111 Cdif • 6 i^ift i«|e«tioii'^ • 
2* iMdyUilHiaJLllJiifl^^ 
Tin froisortioii of aiff»r«fit tyi»tt of !t«»fi«i«i3r^ « (mc) 
in IflM haiMMiifapfi mhmm* ^vcrim ^^ d»wlepMiitml ctn^i ans 
lilH «f«U of Vm tm»9t9m n»v«r%i i^rHert ^Mrv«cl tUt 
irsfiftttoBt ia £ ^ in dlff9r«iit tptaltt of ioaoets and tin dfttft 
novo f<9vlmiod ia 40tail bf •^oatt (1962}* 
Ci) I* Tirr* * f ^ M * A^ raoid (19^) tn giammaM JiSUaaMm 
•tndiod HM dM f^ofooetiai iMMMoytt oownto ffo« •oitoX lOiood 
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dualA ttft«df tiMii* tftts ft m^tan^i i l Inoreesa in tiift relative 
m n ^ r of 8pli»»]l.Q o@Xl8 and « soatwtiat proportional iltefoaM 
in grcoialar tia«aoi)gr^ & stftor dark* Xn |^ » MSdaaa&t ^it f«»r» 
neataffi of pXsiiaatocrtiii WBM hk^^ sptQdVi^&Uap^d i^Xawatoflf tfts 
OfjUtralo oeUc 3»0:* CiSoy 3i»i B®ge!il, 1973^ • '^ Jat^ l s^ ad HIIIMI 
( t97f)t m a^tait iyai^raaa aiiffa^alaB statod teat tito *i@r8@»tiyi« 
cif iifotifiii^ioi^toii was irsry saf?ll in eoiisjerliioii to tHnt of fht 
^lissait^tat^tot J^ M 8At|»otiTOti{>cyt»t« 7h& oeiweftol<!» «i»l irramilar 
fmocKjeftof wure nXws ?>oorl? rstsrettnte* -xwi tfm ^mreeintmm of 
t»»© otnouytoidEs w-m tfm loi^st of aH t*i» aoils* Tfw n«i?oe?tt<i«f» 
of ntasBstooftet wan Mf?f**r in tii« mvtf mmrm^ feaolot th«n 
t^at of tUm ttalos of tlm oomopofi^iiiiir m^m flov»ver» in both 
mmtt filaaiMtoeytoo iwroaiitiMio inortiiaod ^ t f i imtimet to age 
• opoeially aftor the f i rs t rtpfoduotito ^ailo vtwroaa ^ ^ t of 
Hit adip^iaoaaof tot was niglitit of a l l «1M otliar tgrpot of ooXls 
and ttort t itatfioaatly liighor in tiM aalot tHan in tim foaalot 
folXoviog atffgonoa* Oontroiy to tUt popoaataio of pla—ato* 
oyttt« tlMt of oaipoHaooooytta dootoaaod with advanelng aft audi 
btatnaa lov in kotn taita oa^oialljr aftor l ^ ropfo^oetivo 
9f93d§9 l a iSiynlnMuni JsouistsJMusut JuBMCootUttouit tsw titatnitft" 
oytoa fttaftd fwm SSt to 57^« ?ffOhao)to«grtot ffoa 26 to saisC 
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g;r«fiitl.«fli«MK»ert«a and ^ateoytts from I t to 1*^ oai ttit wt 
#f th» liTP** ff* i U ^ 9i Urn taUX tt— hmm9ftm9 in 
QifoiilttUoii (sUttfwi mask ^tlm^ 19/9)« Islas &a^  iOT (1982) 
i » «^*«^***«it i« iftllHilmiWIlt a»tc»i ^^at at iHgli^ tHa t^ aMMME^ aga 
of pmhmMt9t9%m9 aad at^hsml* e«U« laer*ftMd aubistaiitialty 
tfwmr t^at of iiwRilor %mmimftmwf p^mmm^eftms amd fdi|MN 
haoiMoyiMiff* 
Cu) In ttTmftiiiw at.il mii;!!Ilanat JOI»» Ci96'?5 ana© t*H? aiffo. 
f«at l»l omi«ts COTH) ia ,!!ioawitig By&Ilmii m^ ecjnelii^i^ tHat t'i« 
1»«reentnff« of i53jWBa'»tociyt5ef? locireas**! «w1 tiirt of «?r»mjt***w 
^aocioeytoo 'Socfentod Irrin?* tho frsttlar tmidad f^llowlir taoh 
«amlt» hft0r n t^ Xoai ?3®al Sutdff* ht^ nM 5t!^ s%n^» Vem matmr 
of plaaaatciof t@8 %r»8 wflne®*! nfrl tn^it of sfieuawisy ticsssKi^ toa 
l?ior«o»o^» On t ^ ot?ier hnf^f In the adtilts follmdjjr! f@Mliig» 
tlM 90i>o»{itaf« of fXmsiaatooytiis tm^^mm^ mtiA ^ a t of grsyeiislftr 
hmmao9ft»9 «idsaoood« file i^rolttt^iio^^a tti^ar ^ t o t i o fihmm 
i«tro abuadftot during t ^ f l ra t half of tim poriod foUovii^ 
foodiof in toolH h^ and ftti liaatars* 
( i ) ^ f mwwia^ t l H i n 1 l | l ^OOOt ( 1 9 6 7 ) i o g» ffifitlftM^ll^ fOUOdl 
l»i«t ditflad ^w aatita fooiimr pliaMt pmtUMKaooytoa ana filaani^ 
to«grtot «tf« tlia ^foaoiKliiattt Doaaooytta (95^ >• But ^wFlm tl» 
iioafoo4ia« aaA pi«oooooo apiosliif poriodi adipotiaoaooytoa wai* 
alao o»aoffid« Aa tl» aiHlmiitiff fvrrtlMr o^iitiiiii»d» Hit uroooipiioii 
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of «aSpotiaMmoy%e« trnfrnmA mus foaofwd a |i««]i in ?iif(lily 
eo«Mint4 IfMVM aad ttwn aoolinsdl* nmtvtm adi^elMMKMf t t t 
liiev»M»d t» • mMdanii of ??^ 1Q iwvly foraea TMIPM* i^fwruU 
M i l s 4««MiM«i iui^fii t»f>tp«9i*ttoii «I9 ««!« m t tibmrmS in 
p^««« As ttie Imrtm ttmmt^vmmA into iBi»ai| tl» ?N»r««fitsi|o of 
^tftmntoeytts ^etmmm^ to about hC^* ^fioDiro At j i * C1<^9) 
in affiUoiilia Jta »3t#« Vmt ar^betnU colla inoreftsod fiwa 39^ 
in f o^sr 9ld Imrvn, to 5^' in %iay oidi an.i tlion ateereaood* 
Frotiao^o^toit tim nl-^mmtaQft»m a«oroaso4 fro» isf ^ to imy S 
ai^ tnea iisojro&a i^ ^ to pn^Etloa* tiowoiv r^t oeoooytoi^t 
r«saii»a fa i r ly nt^M at U2$* hsppl (19^0) l a j^ easaBJaUa 
ai^ ^^Hfeoa ^«(|nt>ti tlist plasaft^seytss t«ox«i ^ o mst mi^rous 
^n»« of Imtt^oytiis ^^rim ^^^ImfmnU ^tiofoas po<iecqrte» aoa 
X^HBltts^^t, tm%% i^wpisat fowas of the tjlawstooyttt iooi^aaod 
in tsofoontswt |iiirliir l a iw^ tlev9lo*«ioiit» Oonooytoidt ^ loH 
f i r s t mm9me9j^ %n 2m Btmt^ tnrwm iooi^aood in f>oit»Bti^ m 
to tho 3fd f(fi« f ina l st»ip ani ttwrn daofoaood tsitlRaty 4nrlm 
tm vwpvi^tS. stmio* Fwpttwrt taloda aiKS ^tano Cl97») in 5th 
inotar ^IjUSU JQHtat oyneJ^ora tsi*»a» foeordod r^laseiatooftas Mi<, 
fwrnyKt oolla 5 ^ , ntotiaoaooytoa t^ ana ooooeytoids u.tii^* 
ttia|il <f99» in j|« lilasft e^atrtod tfiat ttia fMreontaio of nlaoeift* 
rtao ioavoaaod frao 5th ioatar to lata 6th inatar larvaa 
(^f« VfS99B} ahowiiHt isajciflKn paroanta^a of ^»ao oaUa i^oh 
/4a< daoliaa^ in 8 day old papao* Oo tlia otmr band tlw porootttafo 
OfOhaoaoaytaa dootaaaad at pro pupal ataga aa ooaipartd to 
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that #f i!>la«iB«toaiy%»»« But ptottMoooytttf refsittfff*^ meximm 
tf»i 0*1.1 a*ii«ity of idii»ofia«;!i<i>Of «I8 vna ««3ciaciii at t»f«* 
piapnX fftttpi* ffw iMMwiitAit of iplMfitl* M U f vftt Ifigtitr in 
6th iiMt«r l«rf«« tlwii tSiat »f :S d^r 934 $th tmtnst fttiel l a t i 
6|}i tmtwt Imnrat* 
Qhmrf^ oHai^«8 la ijHC In SMXSA smm Iffattlmwi foXlowlng 
iajftetion 9f Itidiar} lf)k* Sramil&r iiolis limmumd audi pXasa^* 
tosf tet ti#ov@ i^eil %n T^roifmrtXQnm rzt»liii8?%>o t^os Inersfiitflf 
fiiiQfMid o p«a% 2)i> f^iar ti3st»i3j@otls>ay aiiii $ls9ii iooi<eMe<}« 
taiiiia and mil Ct9'A) In ffcttlUfffttPI gagflamliULft found tlint 
i3i»rifig l^aDftuee t ^ ti^jreniite^ of a l l !i8ei«98]rt«9 ^as tamtr In 
tlw larvM tiiiui in a9!w lispwisiftt twevm* t*%t»if« ^Tiiilni m& 
Arnold (If77) «irKii«»a fift»»ii aD#ei«« >^t i«#»i!)id«mttr« sua 
f«eofa«d 8 stofn i3ftf>lRid d»elix)e iti lowUmmmeytia an& t;lm8sat»» 
oy«88 tiMia in otlMir elsaacs of ^iMtMoytsst lAmn larv8« %mv» 
lifstKOVd in tlM «iddl8 of Vfm liodr* nnt lartwe %rit^  two or 
mwm l i fs tnvi t ntnally 8tieif8d Hifiinr iMircKiotaffB of fT9fimmog^U9 
mnA p l8 into8|t» nonats in nm pnrts of ttit i»ody tlmt inoludnd 
tli8 IwMMfnintin orgftos* Xnnliisioa of th® tmsd aoS t^nuc in 
• n ^ anotiont tntultnd in f t i U Miclinr oonnts of protiaoiaaoytna 
oai pi—iotnnyttt ns wtU an liiili8r aitotio iatioen* Hiafed 
(19S2) o>nfffd tlM off^ot of diffoiwit doion (o*$ ngf UO ttut 
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2«0 Qff U»0 ttf aaa 6.d tif) of E>.M(ly»«iiit C?99tiltinf; !»f«wni> 
on 998 Ifi ^m JUsiSA " ^ fi9t«4 that ttw f>ofoont«io of f»l«flB«t»» 
ojrtot ifief«fts«<l in 2 48^ old 6t^ imitar larvae an9 i }» suna* 
vhifVM t!i«t of iifOheMioof tos 9iift«eioo4 in 6tli iaatsr Xanrai 
and pre 'PUPiio bat d«eliiittd in 2 aa^ ola ptipaa followiag t>io 
Injootion of 0*5 ug sind 1*0 ts«t i^soa* t.'iiavaaa ^DB pafoentafa 
9f adipoltaeisioeartos aubw^u^Qtly 4ropp«d by tiitt ii^plie&tloa of 
^•5 tt« <i09« i» ttis ^tli iiistar Xarv^« fi^piipae and pi^aa* ttm 
Itatoantagff af t>odo< t^«s Imtretasea In 6tii iimtajp larv^a tiut 
>i@<;Il!»4 to r^gXlglbl^ pofeont In tlM piHtptpaa an:! ^ » niipao* 
Xlttt oanooytolda ti@ro 1 ^ ^tCLf ftaistant oeXXs t9 •©^^ yscsfia as 
ttMiiff paj^antagt was iK>t of fucto?, ^Tmh @^^n by tli® strani^st 
dotm (6»0 «g vac^ysane/larva'* • 
^* Bffeet of e»>eglo«tXii ai^ ii»«etiei^ag on tUg Hao;^ >iiyt«at 
fatHoXofleaX effect of e*i9isieaX« lf»liiclli*ir l«!SJ«»©tiei<S«s 
on (SlffOfant tiami«9 of iosaett \mm atu^Sit:! In a mmhmr of 
8)>aeiaa and i t Has iMian f*r9iaiM<1 in datalX by HoaldnsCl^UO), 
^'intafdcmliaa aaS iavia (f959)t Brown (1f63)« Patton (1961) ani 
Pavry (196ii>}* Hut law otian^t in ^it liaamoaytaa y f otooarvo^ 
only in a fav inaaeta* 
Taf«aYa aodi Manjiiiov (1911) obitrfod Xaj^a ^ ! » i i i ^ 
tia«aooytta aftat tiw oral doao of ara«iile to graaa}ioi». art 
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ort»qt>lAt fount eoagulatioii of fiaoaoeytet in nciaitioii %o otDtr 
Pft|}i9l4>«(i<ial Qhaiiioa laeluding eryatal. foniatloo tgr tltm offoet 
of a nwibor of loXiioato and ^MRSi«i2l8* FttrtHe^ Fi3iOt i19i5) 
^n ^foowitf f j g y t e r ^ obtorrod pfttbologioal of foots of vofsflsg 
Infesf^i^ to diffoiviit h€MaK>03rtO8 af tor the iajootioa of sul»» 
lottial ^omt of sodiias @if8@iilt« and so i^ma silioo-»fliiorl4o» 
Xoaffor and :!t!n^ii Cl9^) fetl tostdp loaf • oorfsotorett 8aiidid«!se8 
u m^ Uffatea lof^ a© of gmtltiaa fffrtflBnia ith op v^itHwt angr 
of ^ ^ e^emioals irlst sdLisofliis li®!»to«lt»» itletlfie tiont, r»t lm«», 
nyf«t»ii??«it t^liiim^ilaiiflOt eeteitys Krpii^tt| enleliia m^senatOf 
fyM»!ile t?lf»ici1«, *5ayis ??itHir»f ?-^ fi^  f-Tsoir^ fe ,^ «to*Sttia f i^nr l lp, 
s '^^ i^ M fttioal«»il?mtet tiariiia fttrjsllleate mm* inorenH.© cHlor l^* 
Tfien t'wre ^na no elmiwt in t ^ bltj'^ ai colls Ijy tt« iii??©stl*in 
of fiie?3ti?» Isan^uite, uleotint <5eat» rot?*cK5tiS| uywithwm or 
plwtiotliiafifM* "tmmv^r^ %fm ara^fiiealjii %hs fluorides am 
isoreurie oHlorii® i i ^ eiiuot aiarl»^ 3 !ia»oatolofioai otisxigos in 
tho fore onda rolativo to tm itind sods of ttio llgfttoi larvao* 
ftai oyotooytof ana plaaaatoeyts roundod t#« Xliofo was sarlied 
atil^Qtittotiony ^istortiont disintogration wad cipiiavoiit loss of 
•oUa fnm ^lo blood in Vh» front oaat aa oon|iafo4 with tlw 
hiadt oiifta* Tlitf tiiotight ttiat tiiert «aa an inertaoo in aitosia 
aftor infoatlott of ttio anonloals, ftnori^Sos and aiirourie 
QfiloridOf Imt thoy did not dononatrato i t (pantitaUf«ly« ^ 
^" r t f l U l H i l l l IMirlniWli Toanor ot at* (191*2) injootod 
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etiifMf* ink. Thtn sTtor 3V fiotirt mt« toaitai artenit* or 
fii«o«liit WM a91plt«d to tiM •xMmttl vuff «•• of tht rosoD. 
ttwf fmtiKl ^«t tiii aorUIitf froa sodion arftoito v u B7% la 
tlifr ifiii« iia^eoted «oaelsft« as fii»ti|iiifft4 n i ^ h0t in tlie ooflftroXs* 
tlw aortaUtgr trm nleaUm WM 70^  in lnli»ltij«ot»(l InMolt a* 
Qo«ip«y«d %itth 57-' lo ttHi Qontrols* t\my alaio o^odtidod frosi 
a p«raUl«l stoAf that saoe tmeeiooytos ^mve^ ismpl»tml:f l^ adod 
^ t h oliii9t«# inlCt atli«i"i s^onta& i^ mm, '^Jit tsast of ^^m 
contaiiitd lfit«fnMdi&t9 ejuantltlea of t*i« ptiai;oeyti^e4 Ink. 
Txsgtfmrf vmry mmf dosf»s ^f Ciiines* tali subss^ tietiUy.^ 'yery 
*w»sivy lotdia^ of t*it iittwoytas t?Me1 mwiltoi la ^l.ltnrr t ^ 
ro*iefi©s» Aoeofditi*? ta t!i©« It ral^t t»«J ?>0iall5le fhi^t tfwi 
loadoa iT»'s!ooyt§« 111 ?nt ts^ rf^ iffl nofttnl **iiimtl-»ii» «sni iie^nss^ 
'^tortalit? of tf» 5nsouts» Tiiw;^  fttpt^ t<?r Intij^rttuA t«tat the 
THEI HiMraooytWS of l^ttmotarmtt i|Bflta@UlM»lta iein»lopod 
fiueloar cliafi«es audi oytoXyftis followli^ oral dose of JJS 
%rl«if«a8 itigostioo of HUC oatiM^ aI}fio?!»iiX vacuolisi^ tl^ sia and 
ejrtoXyits (Arvy Ui Ji», 1950), irmU (19$ftl») fualgat&d «w 
lartM of |ffiiftf*»|f fi^mAfWtL vith di^OovootlMrt ewrtwii t@tr«» 
ehlorldo ana broaoothaoB fwwt ani ootiood dogoiMratiofi a« vmXl 
ftt 4o«f««M la ItM mmtmr of haaaooylos* i^t appUoatloa of 
oayiMtt tatfoalilorida sad ot^laaa trl^iloildia oa tlhm ba<^  loaaat 
tmiimllt iummm muflua *^ raaa^tad la aaalaar otafti^onoat 
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mm mmtltm of emtmnUii in tim Hatsoeyttti- Homftf t2M 
pfoHMK^ •ffMt of i>oiaoii&9g oaoood lysi i of aiialoi and 
Boy ooti Bogelil (1975) studio^ tho of foot of eertain 
iiiioetloi^o o«i tise Hoo^ noof too v^ f ooelcytsafli £• iwinrlimni oii^  
ebsorvod o^ne^roS. tgtmam* In tH» Deoo^ ojptoii ii»liioodl Ijf 
inolnAod irootsotatlcrnt «e«mBmt@tl'»n »f ea»a«ie imimites, fotmo.^  
tion of TJ«otid««5odll«i, braHaflf© ®f <s©^ l f^ wtbr^ n^  una rrranBttr 
oirtinioia!}* '^Iios^ as iwelnsr in l^tify s?!awoi ^tumtvitSL^n mf 
fioelogr !B»igi)Faii9y -iislooEti^n) v^tm^tn nmt tn mmi nnmn 
eo?TOl#to bfoalelmifi. r?il11 a»S iChim C19T/) isms8tl?!ate^ t»io 
of foot of tooioaX awtieatt^n of t«c!iitl3tii -i''?l!i miH flj^t«i«x 
on ttio tiooQooytto of m^ ootton t^i^ > Miftlfrtsas aj^ rmtltttat Fabr. 
andl olMMFiod %1mt in botte tlio aojcoo aU t]rP®9 of liaorKH t^oo 
nor* pofhologioollj nff^otoH* -i&mmVf «roaJi»r ooneontrotlant 
of Aldffin did not omiso m^ dwnmo in ooMpoyioon to llioso of 
PSyttMx* Za gtntvalt ^ i^ptorox vos eiofo liofi^iil to tiio hmsm*' 
oytoo tlMM Al4fla« fdt adip^uwaoof too and jsmmiliur haniooytta 
ipovi float fttaooiptible to oton diltito oonoon^atioaa of I:»i|»t0f0x« 
But oonooytotd* wato tiiglily vaaiataat and vofia o ^ loatfofod 
hf atfongiat ooooantratlon of t^s^ torox <i««« 2*0^}« OeeaatonaUy 
ao«a i^laawtooytaa IniSieatad moarmff twa tlw pmt^iolofioai 
offaoto 9t Dtptavax* 
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in|««%iai olioiii«t»ftiIf l^draeoyUtoiii (oortlKil) or a 10^ 
lMi% a»t Iqr ftriotsLdifvTOl (Calelfefol). 
r5T?s l^t*Bii*?ti #te« an a Ysri#tf of in^oots* 3wt imry l i t t l e 
infayrtntian is a-'/fiil^bfe 30 tli?" hsje-^ f^tytea af i?jaf®cts trsatei 
3v^ mA %aat}m (1971) for ^ « f i rs t tiae attaiapt®^ to 
nltmrm t!i@ «ff«et of eo^storoiit (a sycitl^tie oouXtli^ ^rmma^ 
Oil tim hmmnHsf^n of Miitltwa JUda (l*episiopt«ra> in vitro but 
only roporlod titat tiso aigratory aotititsr of sphtniio oella 
and |»Iaanat9eftoa inor«aiaiS» a«o«ntly Nifllii (19S2) nado 
(Sataiiod obaartatioiM on tiM of foot of B^ooAyaont (isoiiltiiig 
boffwiai) o« ^M larval tiaoaoof tot of JiDftionliSii JUUboSi Fi^r* 
(IiOpidoolofotiSootttl4«i) bf inlootiof i ts aifforont aosoo 
(0*9 i« t 1*0 o«y 3,0 Of, U*0 Off aoa 6*0 t:^) to t9)t larvao of 
imk and 6tli ioitars (2i» fir old)* Aoeordiwr to fwr tht liaono» 
oytoa of ^kt larvso as va i l as ?^ao vara o^^tlioloisioally 
affoe^sd Iqr oaoti doss* Tiis iiathelogioal ayoptOMs vtio 
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iait lftt*d with ligloeftUoii of the ouelttiity QytoplwwiiQ »wl 
inieltar Y«eaoUsatiofi and i n « p r l « r i ^ in tii9 afieD« of tlie 
00lis \gf loimr dotoa ! • • • '^ •5 uf ami 1«0 ui/lafira* Fitrtii<irt 
tlio ^at^loffioal QOfKlitlofia inov«ftaad Di*osrf«8alv«lf froo 
^•f lift to 6vO UK B<iKKsiy«of» t«ir larvn* r^ ran«l«sF !i?ia««ioftii«, 
8!>lnfiilo fj«lts fiwJ oyatofl^tot mat^ tSia noat a®niitiv« oolXs 
to l^ia ^iwoiiB as tfitat eetla oomplotoXy vllaaasfeafta In t*!e 
hfrnmeteftiti i?lettiy«f of 6tli Iriatar larvao asA pwi- mwaft ©van 
aftaip t!i« trtmta nt ^ t h t!i« voaiBsat ioao 0«$ ag)« 
Tlia plmmn^m^f^s ^^uM not r ta ist twyofid ttfcs ^ p H ^ 
©attna of t#0 ti^ aitl r..O ijg/l®pvs« 2!» ©fohaanooytea wsfo 
iBSigo^ 1^ 4^>»0 u^ aau 0*0 m^  aooaa* JSj^ilodrlf th«) ^ ipo* 
tiaotiOQjrtes M I « mptnrel after ^tm troataant vith :uQ ug 
B«Qeiy9oi)eAiurviii* ~^!l&re7^ s th@ i^ oaooytaa vtum tmnti senaitlv* 
as G9emB3Ni4 to ?irohaaaooFto8« plaaBietOQjrtos anS adlpoliaeiaoeytea* 
Hovevort ^it oonoojrtoias ^ort the stost feslatant ooUa to Hiis 
fioiQona ana iieiw idotittflo^ ©vsn after tlio Injeetion of 6»0 ug 
Bloody aoaaAarva* 
The iofootion of ditffeiwtit ooiMieatratiof^ of 90<3yote?otM» 
In tile l4HPvae of iwnoltiimte muH Vtm f lnel inetart of Qfi ia^A 
lfl'-'*'*ffilli end Teaatwifi ff^iit^ indueod mltoala in plaeMatoortee 
and yrehaeneeytee re8i>#etively 'awl the hi(^heat aitosia i»Sei 
valtte « • • otoaefved after 6«12 houre folloififK; the injeotioo of 
the hetvone (Farka* 19^ ) * 
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3a«ao«yttt af* koovn as sit«s of iatotatdifiify ot tatol im 
fti mix At stoTftft of oiftAiii «i%g|>olitoa« PrtMfleo of diffo* 
voat aotitel&tof iiat boon liittooli«Bio«lXy ^tts%o<l In a vajrletgr 
of Imooto* Cofiioiii'drQtsi atv» etoroA in ^o nsosKioytot «• 
suoifi (miitrii l fXyogpst»t«iii} or in oeidio fof« v i ^ siAphoto 
or slalle BQid x«sJU!ii9ft C i^^ iimiNitf 19??)* 
OisottfT»''me of llt?ld0 iB tli« idlpoharwof tuf of a larffo 
^art^tf of sp9el0« uss i>»{sorded* B@aiao8f tfi otiior ^ o i of 
li«««iofjyttt» f t foo^o was obs^rwa In a f«v as»®eltt* "ftUera 
C l ^ l ) *»ssagr©i tfi^ Atr>ti^,i^itloii of flymm"^ betweeii haw^msfte^ 
sad T^ lanBia In r»oagt^^ Xarvii© f?sllo»l^ f«#aifwr on » flticoie-
»t«ro1i uaat® rmA eawlt^ofi t i a t tsoat of t l ^ crljrooisen im« 
ao!so«.lt»il In Vft^, Ha«s©eftii»« lf«a«i»r ciOi 'lanaon <f9**1) ^It to-
oliaiKloalX;' i^loettd tlift f^ feoonoo of gXfoofpfi in t¥ie planato* 
^ toa ani oyatooytoa of gjccwttnl* tllrtinlft* ^Hitir fttrtHar sutod 
tliat tiloe4*o@il gXjrsoiOf} Ifwfoaoaa during nonaai larval 4ovo« 
XopMatit nat i l i t attalmiS a naxiama in t ^ pf«piq>a« Mdl ttioa 
i t npit f l f doofoaaod aad iwMiaaa at a IAW lovoX dnrtag aoat 
of ttia pi9<A poriodi tout taaiiag to diaivptar towurds ttia andl 
• f thia poviod. In tria fimt^inatajc anS pfobti^ly In ttie adloXt« 
bXoo<l»o«il gStyooftn oootir vofy ioffO(|oontlf« Xn ISio SOM •ooolaay 
^laio mm m iooioaaa or loaa of VXood ooXX fXyooian tfaa to tlio 
•iadnistratlea of f>oiaoaa Xilia »>oani«aXa, fXooriiSoa and oerotirle 
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eti2ovtA« Cir««i»r and Kusioii, %*M>* Gljoopm tiAB also IMMII 
l i ^ i a f i t ( l ^ i i ^ H wiKi mttd (PAS) tvagent ^ I H d la i t aM eontrol* 
jglgiSlHUI ^ t f aile<! to «l0t0et i lyeogtn itt t f i t litteaooytit* 
.'"-Isilmrl? Costifi ( 1 9 ^ ) nsl i i f t»Ar-f!ia«t«ie a®^o«f odtso fe i loa 
t5 i» t i< i t f tycio^f i I f i fSf 1li»ti»t$ir |ft«»«s% %i0i^o^t@s* tint 
Bfomi i i aS j i « (f'?7f) 3®tee«t« «tyeoif«K i n stitjiiiniie® i ^ Jiraati* 
locyt ia of f i f ^ I f t t tnp Wn-^ew^ of l4ieii«tfs ^ ol»otf<oii Mo i t i -
toofpo* ff« oxplsintfi tiKit <!» to tHt timwrnim af nbunSaiit 
aiieop0lys®<^ai^o w ?Kiesr?ot«ifit glyoogsii cof^us taasfeii^  i n 
o i l ^e ia l . l f i n i t s :wfom^ Haa & t l i s t i no t lw tsS^trastroo^ie* 
?itr t}^r» gXyooifif! t^^ fj!*@%i3@iiti^  oimefma i n iilitiilnlig nmUmm 
f^H^ft^lff iiiQrm^ %97i) mm i n ^aHwri i f t immX immsX^^n a ^ 
Moapof»tia» 19?6), i\mm3t9% C1932) trlotJ l%w los t i n tpliepu3.«>. 
ojpttt of H* l i i laf ly iMyit ^ t ootii^ 1301 i t t m ^ s i t i i r e f «s^ i t 
ro r Si^oogoii* 
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AcliiXt s»3ths «>«fQ doIXttdtodi tmmt tlie laeip fosta iuxlng 
niffltt %n tlK» siantlia af Juljp madl August* Iliejir iiafe Haft in 
fana at ^ 0 laeittc^t ptont ^ <n l^ i tlilefewss* Tim tofs of P\%9e 
*xfw ^m^^ miTB S^l in smtairaitta '»\tm'3ss notation na&vf-'i'^ 
tm tr» t?*? «^^i«d of %s!w«it *siif ^wt C19'-?0U "OP this i^ nrpose 
a t»i@e« s?f ©rttt^a mml stmlwcl In s?l«ooa« sc^lution vas «i!i^|»4 
arotifid ft glssa slide t ^ t i ^ waji obliiii^Xir tnmt^^ in tli@ dniiip 
s&nd* 4 fnv atripa of vtiite psfHtr imve aiso plaodd in @aoh 
Jar for «b8 f^inl^s to 9Yit>o«it an tlie^* lollo^iag <iiri|iositif>n 
ttw «igt if»f« traiwforfod to tstuB ^mp fum nvaetme of n ffooli 
rooriiig Jor for hatohifig* laion tte larrao natttiodi Wmm vord 
profiioA toador «ad fr««h oaotor XOMWO ao food* the larvao 
of r t ^ r t d stttgo oadi ago nort awd for oxiMvlaoiit* 
2* ^*^^****f <^^**p* ^k« (!«opidoi>ttf«iAffietlid«t) 
Tiio odoiti oaA o^»r flt««oo nmm nsEliitoiMd • • ^ooofitoa 
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for &• lilttSft on tifldlar food* 
3« gtawilypliai BtgrertaUlBa BOXU* (orthoptoMUAoiidida*) 
HM i^s^h* an! i 4^ t t mm eoXltated fran tiM mwXm 
^rap 9IB& gnwMe staaaiiig aroimdi tlM oxporlaMital fi»X4 station 
of tho aofartaiint of Zoolo«gr /i*M«tr» Alinaffi in tlio iBotiths of 
J'ulf «ad AD^at« Both lionpers nnA adults vef* tarot in imodaii 
ostfTf atasttrin^ 2«^ 2 t«5 x 2 f t as 5««li?aaa l9y i^i?itai>^ot»8 
(1956) for TBuvtm locusts• Th© iKitton of Btmh eaire tJ^ ss 
Hfovislet! ^t»i o^l'Kinitlon tnliaa *'lllea ^iili soil* The trwe* 
rature InatAm thB am^s was jaitlntaineai at 3t it 1 C t»y '^^tftea 
»»laetplc biilbfi ^hsfeas iHiallity vas f©s?iila^tl by dtaapli^  »i« 
soil of ^e of?lt?osltio!J tubaa* 
)#>« Tiw aiilasy f6i3al38 a»l ^rlG^rs of ££il4alej ^^goa^if Tg^ r* 
CHynanoptarat/aanldc!©}! adults of Attlaiiopt^ ya fovaloollia buoas 
(ColaoptaratChrysoisaUdae) as wall as t!»ga of I1y^ f»»*«iift 
imilttlftii Ximaborg (colaoptaraiCan^iaridas) mm ooUootad 
tvom tUt fl«l4a and }mpt for sfaort tlM io iSm Xeimre1»ry» 
1* I>ait— f H* ^^**»|f For tHa traatoRiiit ^ith losaaUoldas 
naifl^  ao^ttd 3rd instar larva* (21^  hr old) vara aartad ant 
fras tlia staali aaltara «?ary dagr* But for trwui^ seat with 
ffeotaaiMtt flKi aad 6th instar larvaa aaeli2V hr old* vara 
aaiiaratad turn tha laipval atooli hj 1»aiiiiiii aloM vat^ oa 
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«(iill%iiill ¥lAtfii VM fttMVtftiatd by lii« emt off •xiivia* «f«3 
•todf fljr«Oiiii ^iMititian in Vfm %mm»9f^9f Iftrva* CWS fir o l i ) 
of Bfdf Vtli, 5% f^ ^th initftrf &« wi l l at proptspa^ aai puf>(i« 
ifdff* aei»aim!i«a« But far %ii« tr«-stm«int vitfi iai9ctlold«8| 3rd 
lattar lar»n« C^ -^  hv aia) t*tf« sortta out awl Iflrst In fjptitfi 
1 * EgBSUKCslAiftii o f gtsjuif l l>Xf>fiiia m t i i a t 
«?tiiif»d «f«mayfitlin« of ff©# hwmmm^s %Ptf© a»5# fo? 
^M stody of tli^lr i?ior¥>iiolo«?y and tyDO«* Btoo^ dfw» vsa 
olitfttfiKd by ottttifie; eftttmis or eostf^ fonnir J^nt of t ^ Mnd 
lot of ad«lt« of ^m mwrmetlvt «P«el«t» Fran tbo l a r f ^ and 
t^ iopiqOM biood dfop wm« obtaiood by mittifii tbo tip of tUm 
«lddXt l9iovMto log vfwfoas tbo blood of pm^m vat oolloetod 
^ l^ «98%ortQC 1 ^ tips of t!Mlr hitd by atons of a al«ropln» 
tbo o»sing dfop of blood WAS troaoforfod to a oloon glooo 
istofoslid* oad a fine IHlfi nwnr traa aittdo with Hit bolp of 
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mKK>th •dfo of amttwr s l i i * * Tm wmmt vat aliwartitd ftwS «iw 
«ell« v«f» fl«Ni toy eov«riiiii f M MMAF witfi a f»v 4f>09g of 
•9lliyX alcohol, for 2«5 vinotta* '^omtwrt fixatioa of oalla 
VM liot aaooaaftVf for ataitiini /it»i Li«9»m«(i*8 a tain wfi l^ la 
alae a f lxativa. 
T^ hata feuffer aajustiKi to pii 6«B Iti tha rafeia of 1s9« t^w 
blood f l l s waa t*i@fi ^>v@i«4 nit^ aHuted stain for h$ aismitts* 
Tlioft ^w alMaa %mr@ rimi^u in ^ I j t l l la i i vm%9T tsml tfaahad 
t^rotsfhiy i&f rasdljsg ten iratwr* 
Lelsiwan's stain w'^ i-'lw^ fitXvtPiil --it^ ulsoso^ci^  f^iffsr 
(«'* 6«^) lis t^# rptin «»f t:1« T»!® diluted wtaln vig ilirestty 
0*^ 11®€ -^ n tbf* jilr 1rl©a tslf5oa fl'tam for »*f !iltwt«»f • Then tha 
ali iaa %f«rt riniMi^ l in di»til l«d i.?at»r mA %»m#io!S In r^mAnn 
tm tmtar* 
All tlia staiiart hlno^ iraaara vara ir lad at rooa tas^ia* 
i^ttira aaS w>«ti^ i4 in >«F«X,« f.Mmaratitaly CJiaaaa*s stain 
afioifOd Mat diffarantiation of tiw Haaaooytaa* tht typaa of 
liaamoof tat vara faprtaaatad Dy ^aaara looi^a drtwioga aa wail 
aa bf photaaioroiraplia* 
(a) g l i f iMi f ^ **** n r t i r r Zo pralialiiary taata aataral. flxa*^ 
tiiraa and pratadoraa nam tiaad to find out «ia »oat aoitflfela 
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¥ti« blood mmmm ntft *lr»dri«4 &m pXae»d in t^m 
folloving fixatlvott-
C«rQoy*t (with otilofofona) Ct3 lirsi 
Booin (aloohoUoJ (12 Dm) 
Faraaildsl^da saHae C1*2 hrt) 
*-tisoI^ Jt® e\€r5%jt 'n-fnv^ tn be the 1»at flTatl-vR* 
Cll^  "fcgilwtnff ^f ^>m ataaaMt For t^ lg TnH^^Sdy Best 8ftt^il» ftfH 
' e^lff •!» ftf^ent '^tfu ttse% "c^ilff'n r®f^ ?fetift Cr'>ffnni»e€ •jy t»it 
t«o»i'^ iq«B nf u^ t^fwsl C$9¥*5 ^^-tB t ^ best yes«*ttB» 
Hi© italtla^ vith t^srio'Uo ?toi*i 'e*ilff«s s^ n'^ ont C^ A } 
wsa itins after flxlm? Ifie sjatar" '."it!i absolute alcohol aM 
ttiofiofii^ly v«iAiodi in di^tille!! water* H^n oxiaimd vl^ V 
aqtieous i>erlodie aeld (rearse l^^ i^ O} for $ isimitea* The nti&ajn 
v«re egaifi weelied In toanliii; tap water for 5 siflaates mfci tlieii 
rlneed in dlstilUil %niter« Sti^ soviUdotly^ tHe sawars were 
flooded wi^ s^iiff*e re«meii% for 20 • 3$ aloutesf turlee 
rlaeoil witb euii^ tmroiie aoi4» eiseln veefied la mnaiiift t«p water 
for ilMrat fO simitee moA fieelly ooutiter stained vitfi efcieoue 
flarris* eltn hesetoxylln Cprei»ered atlenet om neek before uee) 
for 2 tsiniitee* A <lroi» of MS gieolel aoetie eein! twr slide mUm4 
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t^lh tUs 8t«in iTM also (i|»pli«4 foir 2 olmttot %9 ixopvow tH* 
gt«laifBf of tiM aiiel.«u«» 7li9 ttaimd saears v»r« vaih»d vlHi 
dl9tiU«<l wat«rt Ari«d m& wanntmA in :uP»:c» thotji^ f^  miteml 
9^uiifAr «t«laa «•§• €i©i9wi*s, t^fii^t'a, UisYMati**^ MeotlR 
(tiS4»d toy t«af!»p ttwa !iinsoti« 19W1) aril ?.lirlleh«« /veld ^•latescylln 
iMifV al»o titwd for orrviiPl»«n! twit 'Tarslf * 9Xvm ^^".tnitjttn %inB 
fotind to«tt to dlfftrentlelai t^ « »l.yoo«i»ii 1«witlti» 
?*.5 ^» t ifnv® a T!>rl«r»!t taaffenta oilotsr to t*it ? l^y(ri^ o 
i»woalti« Hertla* nltw !*?aait^»yllii «?f\iro .InyJi bits© c^lmtr ^ 
%ym niiel4his ait-^  li<^t blue e-aloyr to tl»i oytawlaaa. 
aontntr, ware liiatfamtod sftoi* fixxAtlaa la 5* ti'r^otifi 
•limsta^ for flip® iirmTQ at 3/*^» tf^cn a*ic5i#ai eoiBiploto t^yiro* 
lysis of glyoogea. 
Ce) „gq9iiUiii£..iilLgkOTgi,Q„.iffclttgaafl8 aafelJkiiiai* :^ o\antifi>i f^* 
fSlye^ s^ n laoXiialatis Cc-:«api»ct) ^48 :i'3i» in raadoa aeleeted cslXii 
of |i«f««ii»nt tt«ine4 g?!j©ar». fhe ?;lyQOii«n <r>ntalninf osl ls 
vere tli©iii olas8lfie«i aooordlof; to ttie i9f««ifioo of tJio ninib«r 
of fflyooftn Inelissloos tts i t vat lono hf Teoior and '^nson 
Clfi»l), All th« eoll9« oto«orf©d in enah of a toriofl of niora* 
80Of»ie fiold Yi8ibX# t'itb *ii^ dry sanmifieation, (about hOO X) 
w»f» oonn%»d tantil « totfil of 500 eell« of o»«b tytw oontainin«^ 
glyeofon inoliieiona \mt9 tal»n into aooount* ?roa t^is f«oorS 
tlM i»«roontag9 of tlie ba0«3oeyt«i of tbe vmmt^ tbat oontiiio»d 
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tlwi vfirtcmt ftmlb^T of i?1.yooi»n lneltisi«>ii9 and t**© t(»t(il 
1»«f»tQti4i» of CHiils witti fflfeogtii Ifioliisi^tMi WH9 oftlenlatid* 
t!i9f«for«^ til* gtfmm^ ^mp9Mtt emifit 1@ th« |)«rQ«fit«ii« of 
eell« Qontfiiflia^ aiffexeat ms^&mt at f^Xft^Bt^attk tmlus^mm ^ sM 
total peretfitaiis of soils that eont«lti flyoofon ojMUtutos 
»'or bom tm sf-mus^ ^ . iitair* aaa i*» iitOiiiiiJN 3»* 
IfMtar larvae C^ hr nM) f'mm twrit©^ with iiiffofeot ^iXutiofis 
of too^oloftl 3»3-Sl»5ydi?9»2,2-c!lsi0tliyX-7»!K*tt«of«t»»nyX aetliyl* 
eaffeamfttt (^wr»iaii»n «iat^ ?^al5» eTtnonndi) nai '-'Ic^lofoaif^hit^l 
ti*iciitofo«t*nii» C'' *?? • ^ nhXQT^ntitM^ ^fnf^^vmmfbm) * Vnrwiwm 
wr»f iihtatwB^ fvmi /I'^'sJr, in^if. *^ti» '^ wi '^ '^ 'T fiw3g$ -lln-lwftsii 
thif ifiwietl«td« vit^-i roat^^et to t ^ iBtvvm of ^» l&MCft ao^ 
I.* f^ ^H-t^ *^  vf yan\m* ^^ or t^ls p«urt»oiH»| tcoiifiioal Pur^&o 
w&s ilt«olfo<l Ici aeotoiie lo or:«r to «&te ttn solutioa of 
(iosifod •trong^* flie i«^  50 of Furadoa for 3rd lastar (<^ Hr 
ol4) larvao of &• iX^am vac 0 * ^ Fttractaa* fHorofort •v^Jyotlial 
oofiMotratloM i*e« 0«tj£« D*2^ aiii 0«3^ ^ r e aoleot94 for 
apv>iioatiofi» wiiorta« In eaao of g* ahi±t^ jrdi iostar (3k Hr 
ol4) Xarvaty I«l> 50 vat O.O^ j^ S ruyadatt. So thm eoneostratloas 
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Of Pvttmim for ai»f»U«»tioii mtm 0,J12^, O*0st^ am ')*0^ on 
(b) m ^iUtktm i*«««faia« «ii« InsocUeUo olio, W50 was 
4ot»fsii«)84 for tli» Iwemm ^f S* <^^ *a^ ft aiKl §,% j^ til^ Bft* Xn oaoo 
of ^* lllaiCft Ittrvftt i t wao 0*2^ ^^  • 21)orofar9 tho aeloetod ^llu» 
ti^ iM for anplieaticia on &* 1,%^^^ Xmrtm iioro 0*0^, '^ •l^  audi 
"^ .a^ * *%n0 i«' 50 »f '>^ ^ for ^« aiiUottft lervm ms .^t*^ ' 0^1! 
wtid aoeor^ Sfifltly 1^ « selsc^a c^ sKS^ 'ntrafelfaaii for jl» ij^ tilirfM^ 
tar^aa wtpw ''t^^, "'.3^ ntO. O.li't. 
®t "ifw tli« C3rl fn'"-'t:-.-?, 2% Hp nl^) nn ^9 l»rsal slio of ^^%&m 
tH«>irax l»y a «ieromnrll.eator« 'ilmn Wm troatofi Inaaets w^ ro 
reloaaod 00 froah f'sod s&fti Isapt ^t at>39t si^ ntifjmd CKniiitiatia* 
.\mm miSkVxg i^oota JT Vm 9am at^« aadi m§» ymrm also 
tcy i^oalljr traa%Bd ^iltn aoet^ iae Ca»a uX) ana tept aepsratalir 
as a ooatfioX* 
KiMii ^oatid larvao aooltad to t»€n lot tar and booaiM 
8 digr old* blood aaoara of oono of HM inooota i#ar« aado anS 
atainoa aa aaotlofiaa boforo for fiiatooatlioloiioal ^aarvatioiif 
of Wm tiaoaoffftit* stailarlf tHa blood aatara of aottona 
trootod ioaoota noro alao t>r*|iaiod aa oofitfollod orai^aratiotit 
for ooMpariaos* 
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iimilttd t9 5tlii 6||i^ |)f« Disi>al mnA vm^l stfti«t« btood MMftVt 
wti« ft«f«90tiv»l3r nfwptirvd for t!i« pa^ioloifittfil ttodf of tft« 
hamm^t^t BXA to fins t>ut tni ftaiStiftt vff^nt tif f!w«» tnm^m 
tioi<i««« Ttw t»ro«cs8 vas r«i»«at«a fttlaatt tfirlea so «• t£» 
if»t Ifutm mwftMir of lil^«^ snoar tiwrnayatiofi® for aac^ e^neeiv 
tratidni* 
^* Uttrtad of ^ttffiiltilaf: t^ w affgntt of IflgflcUcliia a^ gljoastn 
Bid^ asiaars 9f tim Iw^m of «aoti Instar of M* liluca 
gtyli^a. tr@at#a ' it^ ciiffarant oaiisaQtrat&aiis of iii>7 ai^ 
Furadan wtre prtpnraJ toy tlwi aT-^ reaali pronaaur© aa$ atoinlng 
iif narlodie aeiil l?eti^f*3 te^olqtia (PAS) to olia^rva ttNi affoet 
of tDaae inaaetioidaa ctit t^f«so« f^} JarKultion in f ^ tttciO'l oetla* 
gaUlavtat ttit nmUflsttoa ,iir„,^ giMiiaa,naa ttia larffai .aiT 
1« XUttn »Qii tK9»'«rs of ^» jttissiaBililBa* 
Mowltifif fiomofiaa vis*t r^aodfsona (natural wraltiiig 
lioiaoMt a%taifla4 froa ^"mm*^ ' .p.a.^ Milaa^ I ta ly ) * Tr ial (an 
aaalodvtt oowrtaayt i!«j« Tiioaiison, t?raA, 0«.^*A«} aaA 'laliiiitardni 
4 (a fitytoa^aftoiHy vara saad in 4iffareat doaoa J«5f 1«0« 2*0, 
^•0 &tA 6*0 «g/Iarva or qrapti) obtaiai4 tren sataaSf S»p*a*» 
i l i la% Xtalf* 
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in 2*f «1 fto*t««atiiMit»r (3t1> solatlon ^ ^t«in stoelc solutldn.^* 
THt}« 1*0 ul of this •olutioQ eootaliMd 6*0 i^g of tlit msp9ett99 
•«df»oiM« Proa thii stook setiutl^n 1 19I VM «Sllut*d by adding 
0«$ al of 00(9 t^at to obtain solutioa n^  . Ih^o 1 ul of t^a 
Solution r> ooBtminNl k^»Q ug of an ee i^ysone* Furttssr J«5 ^"^ of 
tuia solution ^ wa» diluted by ad i^og 3#5 al of acefcan? to 
tibtain t ssl of solution :<^ * .0 1*0 nX of t!ii8 solution oontttlnei 
Z*Q un ©eiytone. ikw C»5 al of ^^  solution iras ftapth'?r i3ilut©4 
by adflimr ^.5 a»l o^ acstoap* to f5»t t «1 of solution ', ^IcH hwd 
1»0 isf? eolfS'^ n© i s 1 til aolutl'sa. tmatly 9«f tal of aoltitloB n. 
mm rt-Me-^  to 0»5 nl of :^ ?5et*siif* to ^vM 1 nX "s** soltiti'sii ' j^  wliie*! 
t^jf! D.5 uff «e4y0oa» in ®i»c*t ul* 
From #ae*i of tV» five stoelt 9ol»jtir>n», i«^ -sil s^1«tl!>n 
roiwj^tlvely oo?it«i»d *^ *0 UP, l*.0 ««t, 3.0 u«», 1#0 «?• «!»ia '*.< M^ 
oody9<3ao« 
6 . HiifetKia fftr twtllttiitifim itf T^flTwaMi, ao i t i * 
M 3L* MMaaH^ ^»eb ^080 of M&kistorofio A (a pliytoeo<3y8oai> 
VM ip|»lita on j|« iJLIttSlk larvM iaSividually by bo^ iajoetioa 
mA f««iiiag wmtho^B vbile viirioiia Ootet of B«o«dy9oao v»ro 
ad«iaiat»ftA throuib footing* 
Por iaJoetlAn, 100 lorvao (2k^  hr old) of oadb of 5th 
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aafl 6tli iottart «9f* tnfetiBd 1 ul of •aoii dow tiir«mi)t ^it 
itttsrMKaontal. mmathmm b9tw9«n a@t»tito]*ax aiKl etoioaefi* I t 
ifii 49M t^ ver|Mi&t«d t3!e£.t2«flidt4i ifi f lepliea^Sy a^ s^ h I$&¥4f3@; 
20 lar t^ of mmti initu'sr for eaoH doa« of & horooao* fiitz«fdf»| 
i t «»« t ^^ postilil^ to e^orleto th« pfootdtuw in only out 
g«fitr»tiofi aiKl so the proooi^ a VES i«p«i»tcid in suoeossliw geoo* 
ratlins, lifter tSae i»^otioO| turn treated Isi^ ^at «@fit icept on 
airnal fo.34 in frosh m-xrUm -^^T® for obs®rvati^ n» 
For temdtm nn^ :Vmn of E liawiom to ^ e larvae of 
*.• liiHSft te«l'saftn'* tn tj*}^ 5ti ai^ 6 ^ In-jtRr ?S*i- 1ir oM)^ 
a i^ i«©« of frosi cmtof 1«»'«f t»?^ r^v1!rS?t^ ? *? T f cr* '^ «^  ti^ '-jted 
ultt » aooo 9Wt It vaai o -^^ rii^  to »• i^ r#v1wi*»tf ^terim^ ln?«^ ® 
for Ofttlnf• '^nti^ tiT'f^ t^ 'l "wi^ f^ gn f>f ©aator t©nf t' l^ ©-^ ofi Jon* 
of n V>r«'}f» w»r» offewiQ to tti® tarfs* of @ael Inst i^r* l»Ii? 
titoi® larva® ^tet? a^ nsii^ t'S an aotlre ?>le<» of trestfl Itaf 
wet* wleettfl for f^tlK>r obtorvatlon. In this e^m alsof 
5 foplioatos of 30 Iforvaa Ofto!) v^ro tsitod aiiainst mmh (iose 
of ft homom to •voXtiato i t s offoct* Following 1^ ig|ipli«atioQ 
of a fioraoiit lotot to iadiviaiial larva* of $tb in«tar (2^ hr 
old) 9mpl»9 of fwMKiljrspli wot obtaiatd ftoa 2 dagr ol^ i ^th 
inttar larvot* Sisilarlart ofttr tlio upplieation of liosnoni 
dosot 1t» 2l» lir ol4 6lti iMtar larvao, liaaaolf«pli waa abtaioad 
f ro» i^ raiHipaa &«! pvp^a* 
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Cto) I* j&iiattia«Jbui* TIM •ff«et or iffti»««»voM & (a pi^to* 
••dytofw) iMid 7fiol (an aaa«g«M) tr»t ftadi^ di on ttw hmmeftmB 
of ^lia 8|Mioi«« t»y iiiJ«oUii8 mmh of O**?, 1*0, 2*0« i*«a and 
4«0 Hi &«tm9 of oltii«9 ^i^idBt o» iodlviituil hopport of f tii 
imtMP CHS lur old) • Eaoii dose VM Injooted Into laio Haeaoeool 
t»ifOttf1t tiMi lateral IntBrttpMiital »ecaibrBi» ^twson lat ftAl 2n& 
aMtr^ml «ofa«iita* Aftor iajootioii t3)«3r i0«yo traxmterm^ to 
•^ii&riktft r&fiorifiic |«uMr nni nnnrlido^ v i ^ fvotit nsi^ st lotif m 
food* Fife ireiillofttftSt »meH o^militlfKr of fO fwf«ijey» wtm 
t#s t^ susnlntt taoli doa^ » 
ts mn^v^^ fi®t11««» of t^ «f afeofo iwntloof! aoses ta t*»« 
^ri instay *irmi?«rs of I|# t^imf^'^^^t ^mh ^mn was arisXiei 
*%n t*i® •'ieeea of a«lf?e loaf ®ae*i swosarlfw? ? «» x 5 ca, trat tl)o 
!wor»®rf ntotraHsr air-'^ MoS to t«tt tli®!i or ato aoly partially • 
t*Hif«!!fof«« ooourat® oboervsti^i) ifos oat posslblo and ttto fiiodiog 
ttotuHo-a of applio&tloit of cilffaroot doots of tkmm imfmrnB 
eoiiltS oot be folloii^d oo 1« utiggftplftlaa* 
sataro of Olood vof« pjropawd viwa trtattd hoppaars of 
t ^ OMW liwior booaao $ di^ ol^ «id of tor m»%mmfpha»tB tram 
3 d^ r ol^ odidti* 
OooMtittf of totftl blood eollo woo tto^ lo l»y »oofit of m 
h9iMf)9f%mm%»9 with ia^rovod doi^lo Koutmor rolimir no oood for 
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eoofitliig nm wtiitt l>l<io<l eailg in iiiM«a I»ioo4» tlie liMnoX3Ft^ >li 
wa« dftiMi 4ifffMitl7 ffoa thm uoriattf i»Sl^i4t«i«l. i i iMoi of ^movn 
%9tf MX aaa «t«it «t ttM 0Ot •afl of ooxs^foaor Joint of tlio 
liinA loi« Btood wM ^r«m up to no mtatt 9*5 of tiw DtiHitto 
vimA for ooufitii^ wtdto t>X«io4 ooUt of ^smum boiiiKt* Thoti 
i i lntimr ftnia CS^  fflaoltl aeitic aoid trltfi s i»looli of ta^tl^loiw 
blno) tros also tSraim 90 as to malet tlio flaifl eottmii tipto mmrk 
11 of ^ 0 Bii^ttto* ?^« ttiio blood ir«8 ailutod to 20 ttstsa* 
Tn» blood was t«^royf^ilf ?alx«l vitli Vhm 'illntio?? '^laid fey 
trolling nm huVa bot«oofi t^ Dalms of tli» HsiiMf far 10 ^natot . 
I t aliio allouod ^m stoiniog of tiie nooloi of tti9 tiaoaooytOA* 
f M n 3ft0r r@|@otiii.i t l ^ f i r s t «lrop ffon tli» pi|»otto« tlio 
l i lut td hmmoky^n ims flova io laotwoon tho oovorslip aol tho 
.isutjuer ooantiag chsi&or* fhe ofiaaber vaa fooussod iioddr titt 
3l4»FO80ty|m an^ II16 ao^ ft^ or of M i l s that II0.1 in tl» four ooyoor 
a^^fos of ^im eliaabor v®ro omsnted sooordiag to tito fjxoeoitiro 
dofoHfeod fey DofflHui^ sadi Dovoi^ort (1963) and John Alitor 
a i Jll* (1969)* Tho total nuafeop of hsiwooytos ^ r o oaleiilatod 
fey tlii fofwilii (f(i^ofi feolow) t^ l# i ittiw tliu wmlbmT mr mr tit 
felood vol^®* *^^  loast 9 sam)l«8 "^ f felood, oooli fron itidividisol 
iiwoet mm drowa ffon ttofttod onS vo^rtati^ larvot of ti»of« 
aottt^loflid oto^ii* 
Total fwifetr of li«B»ooyt»t {tm)/m^ m " ^ X 10 I 30 
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^^ iMir^ t X m %otftl mmUmr of hmmo9ftm9 in h eormr tquaret 
of Hit 9hm^r» 
h m !!»• of tiw eoratr tquaji^ t 
of hmm^tmrnUw ("45" aai 
20 s dilution of tim hmmlfm^h 
S« M%t«ii Ifttr fltffgwflUninmtariflyltt aatiata Ci^ nai,* 
7i»i i»«fao!it«S9 of difftMKit tarf>«8 of hmmoe^^nn ims 
omlotila^^ ')ti tl)@ bfsais of t ^ i»«l)8r 3f emH ^ o of ft^ i^iooyte 
ifi p«f»aiient m^ staimdl i>r«t»aa t^loiis» In ©ao^  niwir-jpatlon 
ntl©si% tiswwi iMwafif ftm^ of 1 sgi» c«i um stleetsa for omintin^. 
'!*li?? ei?it»yla for t*ii» si©1 e^ti'»o ^as t!^ i^sifoRS ^lutrifetitifiti of 
*sa»nf5i^ t»s awl ««o*i *y»^  of o»ll at a tiartie«l»r sts*^ ima 
onletitato^ fey ooBsitlHf* In 10 sf^ tsarate '^ wpaimtl'^ Bs fr»i t*® 
resf^^otifn wsiitmv of Ina^otSf tfeatti or untro^tta* 
9* ^ t^*ti«feiAal iiiMkiyM«i THe a«t& WBft iimiyMd stfitistloaUj 
tt«ala«idi deviation of tlit svittsaatioaX ms&n vao onXeulmtoi tsf 




X 4 « avM of itio sQiiarot of oaflli dliffOfoaM of mm w9Xm 
9 • NHHOOf* o f OllSMPVStiOttlitt 
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« '^ tftiiiard firror 
m stwtMmd ^iri&tSon 
9 mm}3»T 9f 9%mvfstl€itm 
T!w iignlflemt itmlim van e»1.ettl»t©3 l>y 
I * — — M i l l ! IIIIIMMIMt — l a i — i ^ 
* 
tt. 1 *% 
t « sigffif leioit iri&lM 
». « atftfi of first set of otoMwatioat 
•L • aofta of ••eoal Mt of obaorfotiott 
s«e^ • StftOdord doviatloii of first sot of obosnatioiiB 
BtO^ m etaadsrd doviaUoa of ooooadi sot of ^sortatioos 
a^  m oBn^ y^ of i^ssrtatioas of lh« first sot 
i^ m maomr of obsorvatioas of Uw soooaA sot 
THo oalatiiatsd «t* was ooaosfod wif»i ths tatralatod *t* 
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l l l « tlW U%t«r, HM «««» i t tigflifUftllt OtlMffVlM i t i« 
iadflai f lAflBt • 
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flM fy«« %mm9yU9 of Eolltttil imtffttftiil Fnbr.f 
HjPMnoptevttf ^9pUm)f Mimmtiftft JuiBimTlU X'tt6tg,Cgglgi^t»F«, 
GhrfmmlU9i)f tflt^vit TmatoZnta TtmiftMirii, (Colfopt0rm« 
C8filhfii4da9}9 gplloaQfii Qbllon^ Hilt*. ihmii^mi%mrB,f Aretlkm)^ 
?swfMi«t>tttyft 1|ttw»fi Fmbi>«« (l4mi'!oi't«iraf llootoida*) ant! lUftz^ ii^ i^ XtilUi 
aa«y blo«id fllas n>f eno*! species In orii«r to aoipiwnt all t^« 
^arifitions. "*/a"lcms haairseytts wert mainly ia«fitlfl«4 on l*it 
Ijaala nf stalM-SP; r^^etiofis of thalr oyto|jla«m and aaelAl to 
CSleaaa*® af^  telihima*® stmins* XIMI va.-latlona In sham sund 
slis« f^ diffBi^iit UaesKJoytss wer© «a«(ftilly {jbssrvtd «liioh 
f^sly »s?rf«d to ii^ 348ate faorptiologleal S3Jtfs$ttw& vlthln a 
eatsgory of iiaieaooytts* Ihia ia«ntirio&tla{i8 ana typ9« of th@ 
hattaooytts utrs based IA tlie orlterln of ^otmn (1962) • 
A» lypii flf ffBi huTunrtaii* 
Ff9«ly flofttlag oellt of thi> lia»w>lyaoh of i>aii«^f 
Mm AtviMA into four ty^oa !•••» iif<o1iMnioeyt»a| 
pl>i«atooyt»«» gramilfir baowooyttSf audi a 9f>ool&l r^tw of «oll.«* 
A mammrf of tlio thapo md •lis* ^nrlatlons as %«ll at oonoaratl'vt 
oooorvtiiot of dlfforont tfp99 of haoaooytet of Pollatat la 
glvoa ia Tablo I* 
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otMtioM^ly OfmtA eviXt wltiQh haiw a r»lfitit«ly Xarft tmM 
fi««l«K« JUi a 11^8 eytoplaMile •iif»l9|»« (Plat* 1, Figa* a to d)« 
flMi WMXM* oMwplitt eantral'iE»oflitlofi in ttit mtl and i t ia 
•oainopM.lie wliaf«aa the <if tofilssn i t inteflMeijf bfis^ f^ Mlltt* 
Ttita* <ie1l8 divida morei fraqfuefitly than otl»»r ^vmn of oallt 
(i^ lftt* T, Flga, 2 a ta •)« Ths eftU nai^ratit is i|uitt listiiset 
tm& tliB eytcii»le«a ia ehamt 9m& hoooganaoua* 
ftK» iiaaateip of 8^!»riGal or sound eelis varimM fxoa 
5.6 tt to B*i» u ami ^nt of ttis moXal itxm V*2 u 1»i ? tt« vheyaaa 
ov^id Qdllt rani® iMitifaaR ? u ^ S«ti- u In langth and h»9 u to 
5*^ ti in 1^ 1 lt&* ^ e l a i af« ovoidf iraf^iag frass 2.3 is to !^ *& n 
in Zangth and 2*8 n to 3*^ n in wiiitli* 
f>i.«y—afcoiiyfftff (Fl*s)i .\a in othsr inaaetiy tuaas evXla aiti 
Xaritr in aiia than tha iirottaeaoQSPttta* l^lassatooytta at* higlOf 
poXyaofpliio «oXXa (aither itmndlt n?oi4, staXXatOt fuaifotm 9t 
•lottfattdi) ^lat nauaXIy >mw a ai«mXa vonoS mr ovoid naeXtna in 
MR ilyitndant oytopXaanio anfoXoiNi* 
In ^ i a apa«iaa pXaaaatoejrtaa «Rn ba diati^teialiid a« 
afraaaXar ikXaMntooytta and mnuuXar i^Xaasatoortta on thn imaia 
9f ajrtopXaMie ^iar«atnilf%i««* 
(n) IfffHiirfA* llfintffMfflttffr* Tl»aa af« ftmnd« ovoid« «longftt*» 
•piadXa a!itip«d| tiolOA •finpod and iivaguXar in fonw* SMh n»XX 
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« to %)• TlM» eytoolttfltt i t dtvoia of uraanloi mA a»d«rttt«ly 
^•Mvtiilief o<Mi««iacHilly vil^ f«v va^ioUf • Tlit 9*11 aiflifiii 
10 fE«QiralX]r iMMoth and MiaXap* ^oUftr spftoc is ttltmi wlt!i 
liifolGtfi e!irott«itiii mat^ iptmX utA tttm nr&wiil9a* fli* mltotlo 
fifures a*» alaa fro'^ i^ent in thi»e etUs (Fl»t# V, ?igt» 3 to 3) . 
TIM ^iuMter of tip roaiid o«lXi irariat ffoa 3«>t' n to 
t5«V ^ i^f^  t ^ t of th^tr fOQiKt ttteliii mm imtimmn 2»S u to 8«t» u* 
Xht 8i«o of tfm mold miln rftofet )}otif»«Q 1^ *^  u 1» 16»S » in 
loogtn mud 7 II to 12*6 u in viath, ythi.1% thalr ovoid nuoloi 
ai9ii9ci7tt abcmt 7 « to 9*S « in length ®«1 7 a la vliStli, Th« 
si«e of %fm olon^fiteil ««illir varies fipoa 15*^ u to t9»2 « In 
iongth widl t^V n 1^  ia*6 ft in irifltli wlioYoas thpt of spit^to 
•Iwpod o«ll« rang® l)«rtfi»en 1H> n to 2^ *2 n in lenfth ana S»S u 
to 7 « in vidt^« The sieltle tihnpod ooUt h«v» 15*^ n to 21 « 
Immth Mfi 9*6 « to 7 « viitft* Ti» oisft of «Ionf«t«^ nooloi 
wmaim* tetWMn SA n %i 9*S n in lonfth onfi ^.6 « to 7 n In ifidtli* 
(%) t^mmmf'^.^m m-^ ^^ lfl^ l^^ iiyl^ ^ TIWM floUo Off* umialXy vonod, 
ovoi4 nnd foffttly iwor §*mfi9A» Sooti ooH hat m iorgo dofiOy 
•tniatd nnclmio vMofi i t found or ovoid and e^totntfioaiiy 
pXa4io4« tut MMiaar apaoo ! • fillod vitb ioatttffnd onnmatlo 
•attyiai imt tlwio MO no gnmUa* Tim «f toplam ia toaMpliiUa 
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8<MW • • l ie fianw tvo fltttei* Hitotitt divialo»t «lto •t«iur im 
TUt dimittr of tut foitfia o»Us WMitfit nboot 11*t « 
ana tlmt of thtJUr fon^ iii«l»i YarlAt fron f •& « to 7 «• In 
ooQ^nuitt law mrotA mtkn wmty ttm t1*2 n to 19*2 « in toaftli 
ftne! 9«i n to 18 « in «iS!li« Thoiv ovoid aooXoi fiaipo 7 « to 
f * i tt Xooitli onS 5*6 Yi viAtfi* 
'pXtum i f ott&roottriaod lagr t^ i<oBioifitt taoatl; ootioophiliQ graiw3ot» 
^ielo«ff is fviXativoX^ si!»AI, iar)a.|r ootioophiXio and of tta 
oootn^rio* In t!3is «^oi«f tlM granalar haowx^ttt oon h9 
tntVimr elafloifioa into ^ie&H graaoljur honoooirtot moA aaoolsoia 
o» I m i e i l jTii i i l tr hiiwinyt>iii«*> fiwoo mo aatdy lovgo fXot 
oolio oaA OVOI4 to ttuto* t^oo ooUo ato eltM^wtoriMi Ity tuo 
foUti'Vtlf OBiil fioqpootljr i^ so»«od vooos ooiOoiio vitli i i tUoot 
•o l i aniwvni* flio owilowo to olaoot oliraBri wmnA^ •BOU 
lotasttiw to mm otit i^ t ^ «oU ond of ttii ooototrio in poottiott* 
flM o f t i y l i i mnolty ooatoioo itaittSoiit toffo gfomloo ifHioH of* 
i»«iffolIf difflifost to oiat* Z« tlio woloBOt mo otvosotto 
votoftot to vMnailf oluopH o» law iwytotitfy ( fUte n , Ftgo. H^ 
ft to «)« Qonttoll^ tlio iMolMO to oMtl ona oMpoot in o«i»oriioa 
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to ^it 9%m of Vim «iIX« fhOM mtL§ waamrwa anitoUo ^ivliloii 
in oftM of thm ftmaSimw tmi. norlBMro (Fl«t» ?, Figff.i o 41 b)* 
9110 o«r^il otIJUi on 15«^ u to 35 ti its l»iiftli waA 9*8 «t 
to 32*2 « in wiai^ anS thtlr foood i»«Ui pongo liotHooo 2*1 « 
to 5«^ « i9 aioBMtos** 
i»« jteotte^i'3 gnuMlgy nwacKaylBa** i^ iw? asftiat otonfiiti* i f to* 
folor ooA l«i |0 fXftt tHuMr i^ltlt & oi^sule tlt» <^}df« SBo motovia 
to oiiaroettflftiecLllgr saftiX* Oeeasioiially a torn nxtA tal l l.il» 
liyalifio prooost i s -pf09t«t* TiM^ r fspf^tont n mauiX Init fairXf 
ooiiotftiit p08itic>a of tua giraiiaXttr hmmieytitt popolatloti CFXato Hy 
Figs* SBf ft to e>* 
Tm @Ioi)gatea ^1X8 VBVf trim 10$ u f^  277*2 ti in Xosigth« 
ZZth u to ia«6 u in tpidtii ati& timit tmnA tsioXoi mm mmt BA u 
in dlflMtor* 
SaMtli itlXa** Tlwat liaoaidojrteg ftfo usaaXljr foui^t ooiaetiooi 
omid in Hiiiio* Tlior stfo fottniS in iooXsttoo m vt^l m in 
okiotOM 9€ lynsitio ^^m fcmr to twonty ooXXo* Tlwio ooXXo 
ivory to iiat* Thoir ortooXoia i t bfttopfiiXio anS eootaiiM a fair 
to WMir MMU, to XoTRO 'vaoaXoo. TfM ottoXooa ia fooaa, ooaiao* 
l»liili« tm ffoioftionataly Xariar tfiaa in otHtr oaXXo v i ^ a 
ooMvSowMMi fM t^ooIma* WamrmtB ooainoi^ YiiXio granaXoa nm aXoo 
ooattatod itt tte aaoXaua* Xo ^la iaoXata4 ooXXo viiieti afo aaaU 
io tiaa, tiMfO io a diatiiiot Mtt fognXar ooXi aa^raoa* Bst in 
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l«Pg» mtX9 Vtm mmitmm tnads to iflMpntctr (Piatt n , ?!«•• h^ 
Tilt dlMwttr of Vtm i<oanS oolli Yi^ rioa ttam 1^ *0 u to 
35 « oal tHot of fUtir moloi roogot tmm 7 « to t9«t «• Tiwoo 
ooll« hmm fottod iin«l»ol«t r«figliig liotifooa h^Z u to 3«^ u in 
dliMOtor* tbt 9iw9 of ttio otroid otUt turn eSbmt 26^6 tt i s 
Xofigtti oaA fifr II in wiatii aaft tlwir ovoid lueloi afo lli^« in 
3«ilRt)i anfi SA u io vidtli* 
tlioio niMiaoojrtss warn found in tho hmwaXfw^h of botn 
young aotl Afttttxo f«9a3.08 as w»}l &• in vox^ro* Howovort in 
tilt mate £• JMtli£9«iaf ciiasr turohottSRioytts mA T l^a«aatooyt9@ aft 
Tiw blo^ ftins of t^o ttmlfl ftnd tlte^  foimXo 4tilafi«fiiy>yi|. 
fcti»iaol?4g iiofo •opsrftttXsr propsxwd ffoa about 5^ iikSividnalfl 
of ooofi MX* T}m iroriationo in otifliNi muS aim ond oonipormtifo 
^mwmnm of difftront otUo ato giton in laiblo 2* tlw 
•iMUpottti^tiot of oaoh tjrp* of ooll ofo gi^n belowt 
MMtSUUKItUMA C^ }^< tlwoo iMMinooytoo or* goat roily «ottnd« 
•QMotSati OffolA or foor mm^A* flM oytofiiMM i t iatonooiy 
tooMftiii&tf MMflf oad fwotoaoom io tppoaroaoo* vmotOM tut 
nnoiMM It ootttopliiiio aaa m% ptoportlonoto t i t t of Hit 
futitnt of tHott t t U t i t iiiBi ttitt «f itit pfoiiofoqyttt of 
59 
otiiir IfiMQtt* 'towtirvrt in this fp«ol«« ttit iit«ltiif of tlit 
pvoHitaoeyt** eontmlm tmLrty laii|« audi 9eatl;«ff«4 olifonatlo 
grftfiiiltf vhleti aft nor* mnwptvatmB than I ^ M <if i^ Xafa«to* 
07t»« <ftsti Ul f Flit* 1| ft 1x1 • ) • Otnurally In all tiM e«lls 
tilt melftuft i s iNrntrsUy pXamA* 
ttm diaattor of foitnl M U « i« 9«3 u to 1i» u and #tat 
of llMrir fcmad litelai ie 3*i» u to 12•ft u* Wtntrs&s tut sist of 
0T9ia oells raogsa betife*!! 9*8 u to 16*8 ti in Idngth, 7 « to 
^^m% n in trilth aodl th^ at of oi^id naoXetis if 3A n in ioi^tli 
awS 5«& » in wi3t?t» T!ify sl«« of isoor gliwod eell$ i s 10 ti in 
length EM 9 » i n «iilt!i» 
riB«BKttgt«gyta» CP|.i},t Li%i ot!»r si»ooi@s tiio ntt^sontooyt^s ^f 
A« ,t^ |^ff9?i'^ ill aj® ?^ s^o t^ ot3r90It^ f^ ie eolls a^nfinty roiif»l« o^oid 
?>««r «»iBT>«d, 3|»ifiril® nHi.'^ dt nn& rar*!; sielcls »!iiBMidi cwlls 
(Flats n i f ^ifs« 2t a to h)* Tlit eoll aotftiraiis i s g^nermlly 
ssootti smeS vsiular* ^lis Qaolstis i s pcmndi or ovoid in shaps with 
almftaftiit eftoplasnie snvolops* T!it tsielsua f^mrally oeeopiss 
tilt osntrsl i»08itioQ BM stains lightly tliao that of pyohaoao* 
oytts* O««asioiially ths snolsits i s foaadl dividing a»itoti«mlly 
(Plats Vt Figs. 9 at 10>» fUt oielsar wptm U fuU of largs meA 
•oiMpiottOBs gyamlss of shtosatifl natsrial* Of t09»lasB i s Ughtly 
hasophilie and has a fiasly graanlar oQa|iositiofi« usttslly with 
oas 99 m fisv vaooolss* Shsss «sUs aro rslativoly asasroot sod 
oasilf distiogiiishahls« Nitotio division i s osnally ohasFSSd 
(Flats V« Figs* 11 to 17)* 
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flw fOttadl «*1I« vaxy tietMffii 1^  u to 19*2 a in dimm%§r 
wm ItoiiF iwiaA »i«I*i raai^ IMIIUMII 9*8 U to tl»»8 «• Tte 9iM 
of ovoid oolls variof ffon 1t» it to 16*8 is ici 1.«tigtli| 9*8 n to 
^ It in vittftii emi tliat ^ thoir ovoi^ imo3«i i« f«^» %mh to 
12*6 « in long^ ftnd 5*6 n to ^ A tt in vidtli* Ttm poor alioewd 
eotli iifo bigior awS twwwiw 16»8 « to 21 u in lonttfj and ^mh vt 
to 12»6 ti in wi«5th» Ttw »rin«51o s»im>«a o«tt« ^nr^ fro» 1V n to 
1 .^2 n in lei^tli ana 7 ti to 1V it in vidtti. 
aiB,jfeaflf..t»i„.agJSaifiilQCTt»g (cft)t ihaot mils mt iiii»iiy 
unntobto naiiisoeytei ai^ rapidly atainod as brigtitlgr tigralino . 
fofsgtt Xttey o^eet isatariaX (gramiloi &r dropSaia) into tlio 
-rl%s«a nM tent tsi ^llsint9grata* tfmn ttmy ea»s@ graoniar 
olonds or gloaay veilg to appoar in tlie pXatta stirrounctii^ tHani* 
CyntsHa'tes usnaXly &vp^^ as round to wroli mXXa in aehrc^o-
t»ftiiie oytoplanie anvolopo (Plato IlXf "^ifa* 3 a to o)* BaoXeus 
ia eofipaot and intotnaoly ooslnoi»hilio* 
Tlie remnd oolla sitaaitro eltootat 9«8 ti an^  tlwir roond 
nmoXoi art 7 n approximately* Bat ^it ovoid oelia aro Xargor 
ani TOiy fron 9*8 n to t^ n in XangtH, 7*0 u to 9*8 n in viAtb* 
Tiitir ovoid woXoi aoaoitro 7 « to 9*8 u in lang^ toA 5*^ « to 
7 n in wid%ti« 
SSUKUOMkSM (Olo)t Thtoo lioaaoortat art fontralXy Xargo* tldolit 
of ton blonmiXsr ahtmA vith a ohoraetoriotieaXXgr oooontrio 
naolovt* ttm otXI fltibroao i t diatinot and rogoXar* IIM1O«« 
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^Iglily bfttoptillls wad fiew>i«ni<ra9t ofttti vitli « imftil. ifaomsU 
f l i i dlw»t»r of vomoA etXXt 1 * ttl>0iit 1l» n \mt thftt of 
tfwlr vcwBd nnoUi iraxi«8 fron 7 u «Q 11*2 it. Th« oiroid oeUa 
iMaaov* IV n to 35 u if) length* 12*6 it to tS«2 u i«i tiiaili and 
tliair oiroM TKioliti range fi^ Ms 5*^ u to 11*2 fi i a Isng^, t»*2 ti 
to 11«2 It ift vidtH* ttm slat of raroly oeouvirlog |)Oar slucpod 
OOtXa ia 16«8 « in l«(^t!iy ia»C» m iti tiidth* 
.^hawiitt jMlla CsPa)i rmm liw^eytua ato fanerally bewy -
Xiln ealXa* Tlit moXftiss ia ^aXlf sooetli^ ias i t is ohmnt^ dUia 
to ttm i9ii8oX3r»psotea sn^ssyalss wl^ leH »f« aiatinot beemi$@ of 
dark #3Sln»pfillie stalnint C^lRts X I I , Fisrs* 5f a to c ) . 
Ths xvdiaa sf>*wmle oeXla ^ary trmt 13»& « to 31 n lit 
dianalar tmd o90l^ oolls ava fr»a i$*h u to 28 u in Xaagtii m& 
tV « to 18«2 tt lit «riith» Tlispir ovoia moXoi iif« 7 n in Xaoftli 
aadi 5*6 u in vidtft* 
7I» fsoo haoiaoortaa of tha naXa and tHa famXa 
k* f t t t l t t f tU l i foiMraXXy ^ not dif far ifl oltHiy atiai»a or aioa* 
WwthiWf tsmwm ia no aantaX differanoa yiXth fogaid to diffafaat 
tyi»oa of tiaaaoaytaa in tlia )3aoflM>Xyaph* 
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tmSrmimtmmmimmmmmmmmimi'tl^i'''''"' iii»WnSB8888BHfcii<iilWBw8«KBMHt 
ffw tiiMKiljrai»H of fiilil>iij naitBUIa eontaiat six tfp%B 
of timmlf eirMlmtlfiii liaMwoyt*^* tht vKriatlaiit la tlitir shaip*, 
•ita aadi aoapavatiiw eoaapfaaat afo liatad la labia 3* 
jbea&MttluQtlfta (l*H«)t fh» trohiHnnQoytaa of |i» ^^ t^t^ lffct^  ara 
e^raetaristleally miii l^aa of ottmr iiitaotc In staledag 
rt^liofi lis vail aa in sDapa* Itwaa axa usiiany found but 
ooaati^nally oirolt* l^elatta la round or Ofold wltlt a ^tla 
aytowlnsiale anvelopa (Plate I?» Flg»« 1 a lo «) • 
T^ Haatettr nf 3r»*!trloal oells ^arlaa frow 5«^ is ^ 
6«3 ti atH t%it of thtip ©T^ hej»lo«l naolal raaiss frsw l«-«2 ti to 
^.9 «• The liir© »f t ^ moi.6 mXlw ram®* tietifaao 6#3 « to 
7 II In l«f^t*it %»9 tJ fe> *^ »6 a In vt'^th aiti that of tlielr mf^ l^  
mselai la %*9 « to *i»6 ts In lanath and t».,2 ti In viatai* 
(Ft.a)t Aa in otiier Inaaota ttia nlamiatoeytaa of 
E* ija^i^ffl^ ata also hlfUlf poXjraomhle oalla tat^ raaantad lif 
fomailf ovoi^t paaaTf alonnata* aplndlOf Irfapilar and raialy 
aiaHila foi«a (Plata iv^ Figa* 2, a to »)• Tlia auelaua la 
gaoarallf alagla « 1 ^ a fav pmalatnt gramilaa arraofad along 
tlMlr parlplMffy, Ooeaalonally It la bllobad (Plata IV« Fig. aii)* 
Xt atalaa laaa Intanaaly tbaa tHat of pfotiMaoaytaa. fba ayta* 
pXaoB la liglitly baaopHUla and has a flnalj gramlar i9iiaa»aMa» 
naaalljp « 1 ^ om or a faw vaanolaa* tliaaa aaUa ara ralatlvaly 
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mmwtma aad •tmXlf aiatingai«h«d« Hltoiie dlvlslaiia ««• 
tttiiaUy 9llffrmd {Pltkf ¥, Flge* t3 to Ih)* 
TlM fouiKI e«llt !wa8tii<» <9»*6 ti to ^.^ u in dlMttor ftfiA 
%^ir foand miolti r«iiio fro« W«a u to 7 u la diasotor* Tlio 
ovoid oollt fofy fro« •^Q 11 to 11.2 w in tomst^, ^.6 n to ^A « 
in widtfi «fid ttwir ovoi^ motui rmnn^ tvmi 7 a to ^#8 u in itfiptth 
aad if^ a 11 to 7 t! i» vi^th» Tfio sii« of I»IMP »*nip«d oolls varloa 
fTOW t2«6 n to 15*** « in loimtls an! 7 ta to ^A « in vidth vfioToaa 
•pin'tlo ffhMitd eetXa VB.nm botiioon t6*8 u to ^1 it in Xanttli and 
5*6 tf to 9*S ti in width • Ifm aioldt afiapod ooXla aiv alKmi 
1B»2 v in loi^th and 7 u tn %ridt)i* 
Qfatl^efp»^ iQinU T!i@80 lui&i!ioe;^ t@s i^pidly tiniergo lysia In 
tha fwaitljf ^btaioeJ h^maQlpapn* 1)» oytoplaaa beooooa tnlmtumly 
f^aXlnt* the at oolts tiaually aijpoar aa found to ovoid ooXia* 
tha onolotia ia vouod or ovoid and ooaiaoithlLie of tan tlio molttua 
baooaaa aeoantile aod OQeaaionally imatiad agaiiuit tiia o«lI 
aiaatoiraaa* thata ia a iagrar of granalaa aorfo^adini; tha mielaita 
(Plata fV, rif . 3 « to b). 
ftm diwwtof of iwiad ooUa variaa frwa 7 « to 9A 11 and 
^ » t of thiir fwiad moiai rsafaa ffoa tf«2 n to 7 «• Tha ovoid 
•alia Off* aboa% 8*<^  n in laiitth and ^.2 u in vidtii and ttiair 
ovoid naalai ava 7 « in loag^ wid 2.8 u in vidtli* 
fiMmmillMllk COBa)i ttiaaa ova naaallf larRO, tliiek, of taa 
bitawaiir ahafycd «oUa vith aHavMtaviatio&Uy aoaaatvia aia«ia«a« 
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CytQf»XftgK if utottiXf l^onogtat^ mti aeiaoii^illet soat tints vitli 
oat oip two fCNiai ttae! SSMII f«O«»I1««« TIM eiif*Mifttifi i««»rftXl,7 
9<»«wi«tt« ol»flp«<l i»ortioiHit ftFrai9i«d on ih» iMrlplitry (Piatt Xf, 
Fif* V « ti» d)« 
Tim avoid etlXs ndatora 11*2 u to 19*2 u In Itflftlit 
9*8 u to lif u In vi4t!i and t!»lr oiroia nuoXti vary froe 5*6 u 
to 9*8 ia lo ItOKtli aiKi ^.2 u to 3A tt in irMtli* ttm »lm of 
tilt tlongattd otaoojrtoldt vtrldt ffoa 1li«8 « to 2Z*h is la 
ItfUtli aM 7 Q to 9*3 tt 1» width wl^ timlr zmitid msoliil of 
,pi|M»ha»fflQeytey (ri3S>« Tt l t s t aTO ty t^ lca l C t U l v i t h SatV 
splitrleal, refrlis^ent aaa fat»lil» iuetmsions sir vae»!9les »f 
various 8l%et« T»»se e«tl« ulao esutalii ath^r twtarrofwiwttt 
frratiat«8* The i^ dlwj^ iQeiaacytes sm mnntty ^tmm^^ in «ii»arlfii» 
•'•fmnivtr, tl» «fi«tiiaffi<! cells tum roundi or ©voM ana »!®fo a 
ilstlfiQt otll ntsfbrtfit* Ttittt art t ^ Itrfftst 1i9MiMioi''fM8 In 
H* aoAMlllA* ^^ (itiQl«ti« of tlwtt Httaoeyttt if itatrftUy 
fnslitd to ont tia« of tht t t l l t dm to htttvy fatt; globislet and 
l»t efiVEMittitt atttrlftl lo tht fora of denttly ptel^a dot*lil» 
ir tmltt (Flttt XT, Fif* 5t * to b}« Hit fat globoXtt in tht 
•ytopXat* vmrjr la t ist and c^atraUjr ooonpy idM tatift ojrto* 
pXtMiia apim* 
fl» foaad otXXt ataaart 28 u lo dimmtnw vbavtat ovoid 
otXXo aia 1^ *8 « ia XtRgtH tad 1% « io vidiai* Tht ditatttr of 
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VImtT fOttttl iia«l«i %» 3A « tout ovol«! fweUl mmmm BA n 1« 
Uflilto ana H«2 « la vldth* 
t j l t l l f in iTH timm hmmoft^a ar* typloftlly Iftiict aiid fiftt 
• • U s * TIM • • l l »MM»r«a» i t nanalljf inwgttXar %i%m tm%nt&t$&mt 
tkfA foldlitgt glirlag a •oalXop«<l ai>|i«ariuio«* 2I» eytoplmsii ! • 
»irmmtXar Imt ooQtalns i»»«r9ii8 vaeiioXds of difforent s ist i 
(l^latt V4^ Fig* 6y « to li}* ThB i»iel«l art eoiaparabls in S I M 
^ thQve of ^ « t»laia&toeyt«8 ^nd. etifosatin Bat«riaX Is not 
distinct In t>m'm» Oocaflanallyf bliiiiel»at« foras are olit«rff»d 
(na t« IV, Fl«?# 6b) • Th* e^ t^OBtaia I t brsflopfiUle vhtrtms « » 
ftaet«tis Is llpt^^tly e^sintm^illio - I t ^ a larii atalnlfif twolMlat* 
Ttm 'itmsimr t>f tssun-l eetts 1?» iboot 3!»*?. ti ani th'^t of 
t^wip i-miti^  molei f t '^ •Is^  tt« tfs© srls« of ivoi ' c« l l i irart»« 
froa |2«2 ti to i^«6 n in I tnf th, '!1«8 a to 3^«8 is In wiith sn4 
that of th»ir ovoid mioXai rafifot li@tii»«a 7 u to t1*2 Q in 
Ua i t l i aaA 7 II t» SA u in wiath* 
h* F i t iwdM i^irfa •I ' jiiiiMim aMUUMai 
t i f i t i * 2» nm a i i l t s t t M iMMWiirtot HVM «%t«nNKi in %tlii 
• • « ! • f«X«ti i lAth aft Mtf Mitiag* Zt wai fmnA tliat tlw tfipaa 
of fff«« fiiaiti i jtat « • ! • « » wtm in a U ataf i t aMViit tUtiir 
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it^tm h)* f^mmmr^ t^mm ^mm a fmt mtlB in ti« mmmtm «f 
mm flagr •14 «iiil.t« M om^nfd t» oldl«p adsltt (5 Amy old)* 
•x«aififttl»tt of fttlAfttt 10U15 amiart f ros ^ M inaaeta of aaoli 
aga* t^aa oalia l^Ofe prahaeaoeytoa (FitJi>« plaanatooytaa C?l*a)t 
podoo^taa <POa)t oenoeytoida (OSa) wM adl^haaiaeaftaa (ADa)* 
HoifoiNnr, tilt Qliarae%67iati08 of aaoH typm art ginoo l«lo«r aoi 
ausstariaod in ti^>lo ^* 
Fyohaaaooytaa CMa)tw tisise tura s»iaU.( ipiMifiilly xonngit aoeiao 
ttwmn ovoldi iia&r ahapad oif splaila ahipadi oaUa and tlMdr 
isiot«U8 i f i^tmtiftly tmmf vonndf OMOIIaaa oryoM or 
eooaaioiialty mte^ei tn a tidn oyt^Xaaoio anfalopo (Plato VX^  
Figa* l a to ii)f (Plata KZV, fiita* I f 3f ^ ^ 9>* Ftirtfi9i»t tHa 
iMieloQa o^mploa oantral iiositlen in t ^ oall, aiii i t ia aoaioo-
ipliiiio aoatftiiiitif soattoftd el^oaatto traoaloa* On I9)0 
aootvofjr ttm ortopiawt ia liaoofsfiiiio and henoganoiia* Tlia aal l 
oaaibtaBa ia (utito aiatinot* Tiw dliaootair of tha poond oiUo 
vatioo fioai 5*0 u to 10«0 o aol that of tHa tmolai a«o |*57 « 
to 8*58 o* t l » ovoid oalia raota iMtvooo 8*58 o to lUM^ o io 
i o « t ^ ittd 7«t5 o to 10*0 o ia vidtli* tho ovoid nooioi tofy 
f M « 5*8 « to 11«M» 0 is Xat^tH aM W«a9 « «a 8*58 o ia o i i t lu 
t1» foor AMpoi ooUa raaft Ootoooo 9*29 u to ^»v3 « is io i^^ f 
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9*1^ « t» 15*7) « in Uagtl^ 7*15 a to If .Hl^  a ia v M ^ * 
^y^MlMl lMI UKii}t* timm ««^yit • ! • iiiiia^ polyamfpiiit 
ittilttAiii i«iiiii« Ofoldf pMTi i|iiada«t BUMM waA »<—toiwAty 
iyrtgiilwp f«nit (Plmt VX, Fife* 2« to t ) , (Fl&tt tlt^ Figt. 1^ 
Sf 3t **^  ^ 6}« f!» o«lX twabrftut is m^TtAXf taootli ftiidi 
vtpilav* t i» isi«Xiii« is fottfift 0r ototi rmnXf mt^mA vtth 
(Plats* inC| Fift. ?t>« *S^ iiii(*lttar 3i>a«» iff ftill ©f eftfonfttiii 
fi»mmtl«s« ''•^ <^to|sliiW Is ligijtly batanuMlie m& wmmtism 
mntnS.'m imooolas* tb»m i»e3Jl8 are relatiimlf i»t»i«<w« aaA 
eitsilf Siitiispdi^t^lft* Wouvwpf tfity oa?! b« gfoupai into tM» 
oate^ti90| ^m aHdving otiln wmn «iaU«r tHan pr9ltaaa»oyti« 
«as tli@ i^ QoncI aatsidiT i!io2ii^«i tiigi^i* mH* vfl!&eU ox9 aatuaUy 
^IfmrptAem ilitotio divitfioiM arc uiottlljr t^mrtwA (Plato irZt 
Fi««« 2 tt, IT) • Tht i»l«Mato03rtot in ^M pi^al 8to«t «oi»i«to af 
aaagr t^^apXmmaie vaouolwi aal 8onatla»« ivaiittiot* 
flit diiHNitor of tin tj^liavittai WVLM vwrtot tmm 8»5S « to 
t5*73 « taA that 9f tUm aptMMlaal naiiUi i t bttwMra i»*29 n to 
lt*til^ «# fUt t^itid t t l l t ftngt froa 10*0 « t t 17*1^ a ia l«aitli« 
8«5i a to tV*3 a ia vidth aad ttoiY oiiaiA ntiAai aia 5*72 a to 
10*0 la ia itagtlit 2*86 a to 7*15 a in iftAtfi* ftit vtar 
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mU9 9mim f9m 9*0 m «• 17*16 m in l«iiitli, $%n m %• 7»1f « 
l^ i vtiHi i^itititf ^tt •l»«tA%tA mtSm mmmm iiJfh n I t 1%»| n 
la Ittigtlit 5«7i « t» 10«9 « in v M ^ * flit tp i t i l t tiiittA t t U t 
iNH^ fwmt iSt^ n t t Sf«^ # iiy» 3 « t g ^ f#f7 « I t 7*tf « I t 
wl i l^ irtwfttt 1 ^ t i t l ^ iluiptt mt3m wextm fvta 11*lt% «i I t 
$2*88 «t in I t t g ^ 6*^3 t I t 7«15 t in wi&V&* 
F*l4 t^ffr***- ^^ ^^ «^*> ^ t t t f ^Btt ttI3^ aft inrt i t la i tr fttfi^ Mt 
wmm wm t t t M f»r t ltf^pil^ ( f l t l t ^ t Fiis# 3 & 1^ i ) t 
Cftftit %Z?t Figs* 1 I t 6)« fUtlxF e t i l ^eHiTitat in to!*titi3.«r 
ISffVtfit m f tv ^ «»i^ siitU f f t l t t t i t iM* tm ^ l e ^ i t t i &• 
Mto^Mii t %ritl t i»if ftiiiii 9v mvM m»impM3L$M m&tmm 
wMe^ ttteifitt l i i t t t f IDt t« I i i t&fiai t f% t turrtif t^ri^ 
t f t f ItplawHf stsitttott ^ 1 ^ tfit t r lut Attlinttt v^ i^ l t t * 
f l itf ytttttelt »mrmmBtf •^we§§$. s l t t tsl i ai^ l i lg l^ 
f i t i^ tNi fiawttttjrttt M% difiti> f f t t mt i t t i t r i t fHTfii^ r t 
tnt l t t t ii^i«li i t i^ i t l f mt taygt ts im «vtriMPN>tiita piaunsftlttirlt* 
¥lt ttutMtlin giHiatBltf MPt MtlS|r «* fiatlwt ittiiihi Hw sntSttt* 
Hitt^it i&titiMM mm t t t t i i f t M t (Fi t i t f i« f i f t * 3 1 I t %)• 
fm i lMWltf i^ Ito fttttl (fttgNtlf} t t l le irtrltt 11PM 12«8f t 
I t l%«^ « ta i m*% 9i iaitl9 t t ta i m^^i. rtat^t f i t t ^•^S t I t 
8#5i «• f i t tt^lii tt l l . t ttMMft l1«Mi t I t tt«o tt i t I t t f l i i t 
1d*# m I t l^») « i t vidlli t t i i teir a t t l t i f t t f t f f ta 5*^ t I t 
I t 1W3 • la I t t f lk t ^•'*i « ^ ^^•^ « itt t i iH i * 
69 
wmnMm « • ! ! • !••« f«itfiat »o<atli»tMilly ov«fta aal m r ^ 9«i0 
mmtBigtm i t dittinot AM f«gii1i«r» Tlw ntolAttt ! • MniiS oy otold 
tns iat»fit«l7 •otinaptiitto* Q« tin ^thtm fmM^ tfm oftotlaai 
i t ^mptf bftfloplilllo and houmgtsiNMti, dft«ti vitlt ft fitw taAU. 
^mmi%M9^ ifhmtfm ^tusi t* ftit ai«8ia%»«' of the sptitrioil w i l t 
y«i!^8 ffoa 10*0 n tfi 17*16 xt &n& %*m% of tt»ir 9p}mti«9l 
(«i«l«i i t ffon t^29 u to i«58 u* Tte omM t t l i t latattf* 
lUMi^ 11 t» 1S*59 tt in lei^tfiy 10*0 it to 17*16 ti ia vMtH snt 
thslr OVOS4 naoSftl sx% iSKmt 2«36 u to m^ »3 tt i a I A U S I ^ %»29 u 
to 7*1$ u in ifi3%li« ^liBXtat tl» sitt of tiw olooso^ NL mmvj» 
toidt Ftngot fxOB 11 vM^  n t9 1*^ *3 tt la ieogth^ 7*15 « Iso 10*0 u 
ia wi^tn aadl foar thiiioa ooUt vaiy ffO« li^tS a to 2B«6 a io 
lo t tg^ 7*15 a to S*«>S a la vitf^* 
ftHlTWtmilUlill f lPl I ' ffittt mm tuiiotl ot i l t vitli mmf 
wpmrUt^ ff«flooitat ana fat l i te iaolatioat or i^ lolNilot of 
iroviMui tioo* tiwtt Kff« ooettiontUf 4«uti«d ia t«t«viaf• 
toMfidlf tlioft ot i i t um mmm or ^mUf roftly ia fotart 
Oloafi^ti «MI tpiadOA fofst (Ptttt VX, 7iKt* 5 a to i ) t 
CFI#tt XXY, F i i t * 1 ft 2) • flit ogrtopitMi i t ial i t t iaet at 
t ^ fat i^Mtaioi ootBpy 1 ^ oatifo tgp toplataio fogioa laot 
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• M A I >i»%if»fti'w«m ir«ntt!Ut* tlMtv i t » elaar MM 4ttti«f% 
« * ^ «MlMr«at« #«M»tia»« iltm namlnm im fuvtii^ t» «a» siriNi 
• f t M « • ] ! im t» f fttly fUibiiltt irtii«li vity in t ist stia ilitp«« 
Ylit 9Atp»uinmvy^9 in ^w impai atace ImoooM wfy I a n * in 
0is« (Flftto Y I , Figa* 5 i)« Tba diaaatar 9f nmnft oaiXa fmtimn 
ffOB 5*7? « to 9*29 « mndt tl»t of ^tmtr rasnft isaiioi iMtaooa 
2«86 « to 5«7S «• fha ovoid ooXia vacy fvoa 5«?SS » to Ml«ia « 
in ioagtiit h*^ n to tf^ *?6 u is iridtii and ^lair otoid fiifliloi 
rangt fiOK 3*57 n to 17*16 u in io^gtlit ^•^ ^ ^ 1 *^3 « ^B 
vidtii* Tha alosfiitad oaUa vaigr fxon 11*Mi^  u to 1 *^3 ti in 
longtlit 5*72 tt to 7«15 ti in irid^* Whatoaa iam paar stua>ad 
mTk9 mwmum aiMmt 9*29 « to 12*87 n in iangHit 5*72 u to 
S»59 « in vidtn and tht apindlo ihopod oiAia mm riaont 11*M»« 
to 1V»30 n in :Mmil»it 7*15 n to 9«5B « in vidtti* 
5* Fioo itaotoytoa of fflpff^t**a UteBBjl* 
T)>i tfiMt of frao tiaowiQ t^aa in tlii 5tfe and 6 ^ inatar 
iofvao^ fvapntao ond pfotoa of f * i U u s i ^ f * doaovifeod i^ 
Miafii l l fQl)* ftio piooanl oatlMV fnHliar oswlnod tm iiaonooytoo 
of iraylMo otacat of t i i i i apnoioo to oitand oiq^Haontal i»iOi» 
tifotdowi* tiwioforot i» ^^ yyooaot atadjr ^o ttaaaooftao of 
•iddio tf id latfao of 3i*d» >itli inotami and o^ato (flC and 
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mm •&•• ttoftl«4 ta wMt^mm «• mmm AT 5tiit ^ ^ imtiraf 
I t ma fiviiA tiwt lb* typ«f #f fi»« hwai i f i t t la a l l 
Ite 1JUNM& ixMlmNi* ovMMiwi* vmrn and aMltt w t HM tiMt 
•sM^t thtir •cmpayatiira o««tti*r»!M« ia diff«ftB% •««§§• «f 
iioirllt ( fd i l t !f)« Mf^v ts^mndm tSimtt iOmfS mmmn of •MAI 
ji%fl|l«f tlw hiittiaafiytMs if«i« #tfii>ftettvl3s«a into sight Igr^ m (a» 
t«»«fll}*d •«rll«v t)y i^tlilK fii i #itirfiet#vdUi%let of titoii Ifno 
of OOH ftfV fflVOll tM^ XoVt** 
wmmUmiB o^mM in iy!i«p@ %f±i^ distlfiet ooH isHPtbtraiit* ^iieloitt 
i t voiii^t r«rol|f fwtii od mA OQmpiMM @3xmt% @fitifo mVL 
Itairliti & Htlft iiiif«r of Qy%Kfp3^tam sfoaaft i%» fDt mie^ lotto I t 
•oeloeiiiilllo ant ntatljr pftoksd %d,th oHfomitlB gvatoloi* flit 
f lgt* t to !»>• Hltotltt dliriiloot aro ittaally mwmtmA (fXatt 
VtXp r i f t * 5 to 12)• tm aimotor of tiw nmadl eolXt irarSot 
fPM 1*0 « to 5*0 « iifiovtat tlia l ao t^ of ttw oviNUI otXlt ^anfoo 
^tiOMi WO o «t 8*0 tt aoft IM vlfith tootMOOo 2*5 o to 6*0 «• 
y^'^-^^rT^*" fM.^ ^»^ 14111 o^Mir IWMOtt tut i>l.atnatoo3rt«t of 
&• U l m offo alto iNilyaoffpliit otUt l«o« tpftat^al, onoftAf 
tpioilo ttitpta ani Irtoipilay (l^Utt VZI, ngt* 17 to 1^)* tlw 
ooU trtbyaiii i t taaafally tototli aoi vapilav* f 1» iiaoloot to 
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•ity»ti# OfMlnnally i t i t •••fitri« in ^ i i t k m . OytatXMRi 
i t tiglitir l»tttp)iiIio« tgrtimltlti aanl ttnttiat tut »r twt 
tmdi vsendStt* Tlwtt t t U t tx« of ttn tttn uoitr idtttio 
Aiiritidnt* I'ttm finlltrfflfflfl teflfciiiyiff ia tliis iq^toitt t l t t ttai 
plmm&^»ey^9 mrt of t%»t tfptt* Stm of Vmm mm very MMIIX 
tnd tmmA in thtiMi irhilt o t ^ r i art bici«r t ^ pelaroorpt^* 
tut dii^tter of foitfift ot l l t iftyitt f f t« 2*5 ti I t 9*0 «iii 
tittt of %^i3t flBoifti rsi^ rtt bttnttn i*o u to 3*o u* xno itn^^ 
at ths oirtid otHt ranftt bttuotn 5*0 u to 1t«0 ix aod tUt viStli 
i t botwteii 3*5 n to B«0 u* f»»ir mel t i iraty betMNMi 1*^ ti to 
k»0 u ia iengtb tni 1*0 it to 3*0 u iit viiltii* flti loi^t^ of 
tpinSlo tisi|>od ot l i t r s i ^ t botwooii t^O u to tV«0 n mia tUt 
vidtti i t tettooa 2«5 u to h*o «• 
gadimriit CBftili* tiMtt tft irttioi&r otxit oit»i»i» ffoogiagr 
foooA ar oirolA vith |itto^M^io« tht titOf iHit^ tot otMbor Of 
tHott ptoudoyoditl oxttotioot «fo not tontttnt* Tiit nt^oot i t 
t U f f t t in tVAWil** «!it90tt ttM oytd^latM i t totntf tal btttnliiiit 
ia ntttfo (Flott TZX, f igt* 13 to 1^)* Xitotio dinititiM tfo 
•ftoo ttoo* tm AitattMP of iOttgKly totnA otUt rttfot 
botwoa 2*5 « to 8*0 jt oadi tHot of tutii" lOotA otoloi totttoa 
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2*0 « t» 5*0 «• ^ ^ i«iigtli of tm omiA mtlm y«i|t« iwtwiM 
t s v i i t i i . 
eHUUISaJyi* ttmm tum gdzwraily rouncl or ovoiA 
oolla* ttm QftoptAwa is llglitly beo^hlUo wM mm 9wasr mtOiX 
grMuUt 8eatttiM4 alX dvor* flio fiaoloiif i« ooilni^tiillo aai 
ototraUy looAtod Imt 9Qoatoloii«ll.]r oeoofitide in poi^tioii* flit 
eoJJi mmmtmm is siaoot^  mH dittiiiet CVint* t t l f Fii«« JS to 39)* 
Ooootlofiftl}^ tsintiidLoats f>&m» mA tsitotid aiTlaSoiio nort eloo 
wmnm th» dis^BtRF of vo&M oe31o vaidos f i tn V»0 n to 11*0 ti 
audi that of tlmtsp fooas miel«i Tavy ffon 1*0 ts to V«0 «i» f!it 
loogth of tut ovoiS mVL9 Tmm9 tsotMooii 6*0 « to 1tt»0 u and 
thoir vldtls irovioo ^^^en %*0 ti to 10*0 %m 
QanoffittfliMil Cffiailt-' ?)» malior of thtit eoXls is femv in 1 ^ 
IwMMl^ riVl^  M otq^atei to otlitr %rpoi of haoaoosrtot* Tlie olwtNi 
of t l» oonooytoido i« tmnA or otoid v i ^ ooaantrio «id ooaino* 
yliliio tntshmm* tiM ooll otaliyoiio i« diitioot OAA fNigolar* 
f l» ^rtoplotM i i tidoit, aM93.f teoopHiUo oaa lM«»^ao«i itim 
mm mp tot MMAI VMMO2O« (Floto VXX, figo* 29 to 31>« fttofoa 
i# flttatio mv Am mmm* ttm itaaottr ttf tmuA onUt ««itit« 
lNitPM«i 3«0 « to 7*0 o oni t ^ t • f ^o l r foaal an«l«l i« iMtwMS 
1*0 « t» 2*0 • • f to ioaglii ttf ofolA otUo roi^o« l9«tifM»ii 9*^ m 
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w i l t WM^M i n i w i i alMttt s*0 « itt 3*5 tt lA Uiig«lit 1*0 « 
«• 2«0 « in wl4lli« 
tlMir Oftotlftm floatfldtMi sssU fat glolRaM* Ifii<A««i i« g«Mirfi21y 
otfitiNidl in i>o«i%i(itt» Imt oeetslonglly (MMnpiet •^xNintfi® poa$^ 
Uti i i&M to iii« p2«Miim of H M fmt ilaliaUt* irtu4iitl#n in iai« 
•ts« #f tt» o«llt A«iNiiia« upon tin MsriMr m& qpalitjr of tli* 
fot gXolwiloi in %h» eyte^lwmm Tlis e^ rtoplMm ! • iodiistifiet «• 
tut fot l^olKtXos omsiipy tii« ®i!tl«» oftoplejuile fe«loii* Cyto* 
1ilfi«i i« t i f^ t i f Q0siii9piiiiio ifliilA tho iMelAttt i t tntmnmlf 
•ooinofitiilict CPl&to VXXy Figs* 27 &tia a8)« BoQfii otlls 
id!»9iit V tt to 12 n if! iliiiBiottr mn& thftt of t!i»ir miolol 
botwooo 1*0 u to c^O n* Ttn longtli of tM> omiiai ooHo irsf^ r 
f iwi ^«0 tt to 15*0 It i»ia tlw Midth botimoit 2*0 ti to 10«0 ^ « 
O^iA iHioloi rongo Dotvooo 2*0 « to h*$ it its ioogtlit 1*0 m to 
1*5 n io vidtli* 
QfftHiTtia ig/jtiU* At in o^ior iaoooto thooo ooUo wt ntglAjr 
o iot t i l * * fimr fipiCMr tatn ioto )iar«>>^ <M fsmsf o|oot M t w i i a 
twnmllmi m «Milot«} into ^m I^OOM oai toaA to dioiotogtolo* 
timf ofottUr mmm m fmm to oto&a ooUo to ooliMiMpMtio 
tytoptoiiiio ootoliiM* ftioy «fo not fMoA in ptpA Uood* ttm 
onoUno io oomnpiaair i>X«oo<lf ooyt vtiooi oHopoAt oo^poot onA 
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iatiBWly •«fliMpldUU« iflmU nt^ Figt* Ml ! • lit)* fUt 
i l M f l t r ^ til* tmani «tUe MOftt iMtuMo 3*0 m %» I3»d « aai 
«i»i «f •vtiia M l l i matlmw fyw 5*0 « W f 5«0 « in l»fig«li» 
f«d « l i f•O n id vSiili* 
»!•• Mtfi flfiA t»Ml» in«Ui aft ttaiUf tMWtliBtt i^ MOfvA ^xm 
t o t i l t d f t A M i ^ r ^ f t t o l ^ ip!Mlf l l l®8 iPltm ?XXt F t « t « 32 to 3 $ ) * 
¥li» dlMMtor of 3N»tifidl ^twKtlt e«Uf raai^t iMtMMit 6«Q u to 
1O«0 u ami titftt of tut vomH OQOloi vwrjr fMo i«0 u to 1#5 «• 
T!i» longlto of tin ov^ o t l l i iTftriog fww •^O it to 13»0 « and 
tto vld«H ffo« 3*0 tt to 8.5 n» Tholjp molol im*y fioa t.O Q to 
^•0 n in longtHf 0»5 n to 1*5 ti In vMtfi* ttmm ooUo «f« not 
6« Ffoo hoiioytot of JKIftlBllilllilM ffyif^fttuf^itoi 
fhi p^poo of tmoaoortoo in 5tH iottov hop^ort ooa otol.%t 
of toitu ioaio of ! • JlgnuBttlftlM o*io oofitor doforitoA to^ 
S^ tto At a l * (1!^>* FfooottI ottttot w^^mamimA Vm Uoiootitoi 
ia ttoio itoioo f ^ fovtoor iotootiiottooo* foUoviai lypot of 
Hoonoortoo noio tooofolMi o« tut touiio of pwmmmi^ oaA ttolMt 
MMOVt o f WmA 1|f 8 i i « M OOl toiOlMMI O t o i M * 
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ftWfhV MNmAf •vtHdf p*ar t l i iMi «ai ipiaAlA twnm (ftm^m fXXX» 
( f U l * VXXS* f i t * 1 li)« f!ii MUX atitt^lM i t ditltiltt* f M 
fMtirat i t gvntfaUy tvmwA or oftid IJI fli^pt cnA i«rt* i^ «iM 
iH^h (iMttpiet ttit i^iol* ooXi Itsvlag ft tliia iigrer of eytsplftti* 
|X% i t Mt iatpmii t idltH ftittitr oonptet o i^rwDfttiii omttvitaL «p 
cwatistft of softttofod ohronfttifi tiwttlftt* flit ojrloplftOB i t 
i]l%9I}tt3>.9' ^'ftOQflMil.iOf fttftll^ WBA flQBO||(inMKNIt« 
m ^ n y t i i a tfLf\*^ ttSm OtHe? iWftOtft t ! « t t O e U t 8 f t @3.tt 
iMniysoypfiio int^ H^diiiill romsSy oicoiA| |ioi&p MhwptAf oXonipi'ltA and 
miMlm ftltffpod eell« Cl^ lftte tttt^ ?is8* ? a to It)* tlit otSl 
titiiA»r«iit i t mr»srti3ilf sm&th wa& ftpAw ^ ^ tuoltiit i t foaoi 
oy ovoid WBA itmmlf MltiNid (Pla^ VHXi f i fs* 2 1 soii ») • Itt 
i t ootioopliiiio ftiidl gonovoliy ooflit|>iot ^m eoatrai potation* 
Chfoofttta sfttoriti i t oilHty tonpfttt or oomiott of •oottofod 
tr«aoXto« Qf^lmm i t «fe«iiiifta% «oA i i i^Uy bfttoipliilio* f l ittt 
ooiit ftfo mmmmm ftnl oaa M diotiogiiioiMid oatiiar* HitotSo 
diidtioae • • • otttliir tooa iPXmU IHZf figo* 2 it aai o)« 
gtWMlir fliUlfliflU ffWlal* fliioo otUt ooatittt ^ gromlot of 
diffortot tioo io ttit e r^tapUuM* AltiiMi^ tfittt ooiit Yifr i» 
OitO OBn O0^ HPiOO vbO XjHPtOt% OOUt iA tilt tHiftTf l^ lOy MNI 
fOttgMif fiooi or ovoid in t!i9o villi gooBrtiiy irft |oi«r oi&i 
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tmtioA «r «i«itf is mm^ »SA •o<iiiioi»tiiii«« tm ortopUuM ! • 
• i t i i iv ywrnAy ofoid or pear itfiii|)«a« 7hi moXsus i t mvoAf ^imM^ 
•oo«n%api« l a i>9«itl0fif ^teijmpM3M waA mmiMts of <mflpaftt 
Otiii»iifttlj| SAtoflliat (Flsf» tSMf FifS* % « f» <XK Blitt^l«»l« 
foMM mm lattoUs iiirisloiMi stt oeeftiloiialliy mm iPXsM tttl^ 
Fifg* >i^  • and f)» Cf t9tl.a»i i t Mgfily 1iii«tpMii«t l)«Mlg«t«MNlS 
tfia t a l l meioinntiit is dtstinet* tfmf mm trnktoA maprntAtimiif 
I t t t t r in nuaibtr in ttm hmmtpi^h* 
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B* Bff»9t Of toi^ioil i|>]AI«cUiMi 9t ms moA fvtraAan oa tUt 
tmmmmiimmmmmiimm i mimmmmmmmi(mmmmmmm»mm0mmmmmmmmmmmmmmmmmmmmmmmmmmmmm»mmmmmmmmmiiimm 
htummvytM of A# '^^^T^ •oft &• 3*^*iir*-
<IMMIWNi» 
TtMi oontflot ftffidt or d1ff«v«!iit ^onoontr&tloaft of um 
(t>tmi9roiipfmttyl trl©taoyo«t*iaot - » ohlorifiatod fijrdfooafboii) 
ntiA Faf>«Ssn (2,3 aShydyo-Sf^ ^willfiWftlifl-^ -tsensofUffaiiyl taotSijrX 
eavbartftto) vas ^tsi^ ied an ^m hm^itsft^n of ^» sSailm&JSiXi& 
Kfetafe t»iis«mtfrition of Pm regrptctlvt lisscfcioliaio was 
appli^. to iffiH^dttsl lajwa® of 3«^ irtstB3P (2J* hr old) af*l 
tl»n *tioc«>eftes of aff0viitei€ lajpfan C¥3 &r oM) of salsaoq^ent 
hist»legloal Qiii»rjs»8« iOl tte stloc^d ooaetisfaratiom of %im 
x«s|i«otlt« inaootloMoi ^t&m mMiMt}i^ to tfie treated lorvao* 
n BffMtaf flBXi 
III ft pntimifmrf oxp«ria*fit 14350 for >>l>T enM* f^'^'^^-f*'^ 
larvfto <3*A lattar) VM foooA to IM 0«M DOf (toohnleftl). On 
this bftoio Vim oolooteA mb^lothal oonoontrmtioos iforo 0,V, 
0«3!< ftfia 0*2^ DDT ana 2*0 o ^ OfiOli c!0?)oontratloi} v»s afypliod 
to ifidiiriaiiftl larvM of 3x4 InatftTf on tho dorma of the iitttti> 
tHorttx* At ft tl«t 20 lartMi twf tftoh ooooootratioii voro toittd 
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and fliteli 5 roisliORtvs ^9T9 nwtd* yffmti ^w tr«&t«€ larrt^ 
taoalttid to ttsthwtKfMfAl In-vlti^ Sf blooA sMiisfs V(9T9 isaSii fvon 
iBTfm of ea«ti liift«r (^  «iqr old). For p«r»ll*l oontwlt Sid 
inttar lar?t»« t«w tj^ited wltli ne«tor» only n^fS then blood 
wwnrs imv9 •^ asflit mibfiem^«ntlyt fros ttio Irrr^t df ©aeh inataar 
7! 
rwalted fyen ttv* tK*:;t6d lnrv.n« of 3** Instari th& eff^st of 
D»2'' UI>T on tl'^ 01; e^Ht iras ose«WR^ awt€Hi ^»lth ece0«tric tucXwif 
nnd '^ aouolof !« t^' jsr/toplpsis. T!i©y f»t$o s^ io^ ed mitotic -liiri-
slooi* Fttrt^rt tqr "^^ -l/ ?ii*3 0«%f DBI tli& naeleaif "bocaiat B%trmm^ 
o««ontH.et ooll ii»«^r»fio mpturod mod oytoplssa ^ia^argod* 
CFlato X7| Fig* 2)« In tin lfti*viMi of I^Si and &llt in«t«dfS| ttiooo 
«oXlt iraegfvttiiPtlir do^lopod laoYO oytoplawsio -moiiolos, and 
ooU mmhvttm vaa rttptufod (folate XV, Fig, 3) tmt tiiarv vaa no 
lota of oytoplando sontontt awo by 0«li^  ODf (Plata XT, Fig. 6)« 
H^ wafWPf in 1^0 pr«i»ii|)aa affaotad vitb 0«>i^  ODT tlvira vaa 
dltiatafvatiafi of aolifoaopHllio fuolal and eytoplaa&io diaoharta 
Cnata X7, Fig* 9)* Mltotia dlirialoii waa aao aaas* In \Sm 
pvPptX ttaga of tm larvaa ttoatad viHi Q*2f and 0«3^ DDS, aoaa 
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mmiiit of tlwM Milt vert a«tf} (Plate XV, Fig* 10) v^r<i«t 
Om^ Wt em»9A eo«pl«te dmag* of timm o«ila BXA mthiag VM 
%Mt% in %tm papal at«««» 
l|^ eua[|[ULi£{tall<- l a tl» hth Inatar larta* foUovlaf 
taotiltlfig of tf«at«d 3va inatar larYeMf ^it offset of 0*2^ . DOS 
vat naflBtd ytt^ x«(S»«itd anl ooeont:rio mioXtl, Q t^upX&vaio 
<ra<sio34it la mk^Xk Mid xtsmi tstlla umim tha fMiifOfit PX*s iliovtS. 
Qoa|)Itte lots of Gft/dfplmm* Xho U-tH ins tar larrat affootod 
vitli 0«^ IBT ?tad m ^ y ^aoaoliiita watH si^ Wttod H«» %ili»reat 
other typat of Vtn mm crosnolttely mntr&ymdm But n.V' DIJT 
csftnitd dlsifila«mtJi9ii of itmisl eella Ptm (T'lato W, Fl??. a ) . 
r&m aitotle f£i^f®s t.«r^ aliio saan* tn Pw ^th Inntmf tftmm 
affasted wltli 0.2" !^ nT tM jrtatl rtnd jsjuni ft^ wre vlt»t 
aei^fttrlo aaelelf rsmtiiiptd oell ^wmhrmB sod hlgltly iraeiifiilatodi 
ayteiiilatB (Plate t?g rijr, 3) , Tha®a ehanitt a^graimttfl ftirt!i«p 
In lartat affaetod wltH 0*^ OOT. But OM mt dtainttisratad 
tliatt tallt* Wmmmw^ otiitr typtt of FLa ymr» ootaplttely 
dtttfoyod tvaa )>r t!ia tfftot of 0«2> ^Dt» The ataall and xomH 
Pl4i of 6tl^  iottav larvat Htm f^ i»^Mr daaagod t»y •^2|£ ^^ITT and 
thtf tbotod tAf0ikf vaoaolattd ^toplaasi vith fraipiMiatad otoo* 
aatia amttvlal* Otiior typos of PI>t wart dta^rt^od avon ^ 0.2^ 
oof* Xa tl» lanaa af tarllor iiiBtaF« laio taaXI. aad raaod Flit 
wtft tmntSi oooi^Xtttl^ danaitd toy 0,ii^ OOt at thia ataga* I s 
tho ptoimpat affaoted vith 0»2^ and 0*3^ wt tuAf the tMiU and 
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roQtA ooXls VT9 rvoo^olseblc witti highly aeir«Iop«d pftth»» 
XogiOAi at«t« as v«U alt MtoUe dlvtBUm (Piatt KV, Fig« 8)« 
Mnt^ ssitliiag Has 4l9MiifT»J4#ii»l»l» la tlM luji^ ii^ sii Eff fifiittd MtHl 
O.Vi; O^T (Plaf» X?, Fli?« 9)» In tht aff«et«d pipae by 0.a€ 
audi 0*3^ . DDT, tiovmv r^, 9mi t^.« oeoaMTsd in aisi^ itR-fryated forni 
CnJt^ t t , "Iff, fO)# 
Pgrfftwrfcan fKi«)j In t»tt affeot<i« Jfth instuy la i^^ by 0«^ 
niJTj th^se aftHa *?t» fmifiS .^^ Ith yimtar^I cj«lt '^ i^mlsr^ sn??, 
ts^ 'n?f-r/rit®a« r^ iit O^ "^^  H'JI! ani'iJjsd altmst a l l t ^ mtlsi Pmi^ 
1^ «y tsoiiM fee MentifitpJ Ijy tteir regains la Vw mhsmp^nt 
tmtnra (Plate ^/, :if3« 3f ^t ^t ^ .•% '?'§ 9 > 1^ »^ 
Qj^^i^^tniAm (QKfl>t, In tls© VtSi Xmtpjt lorvm taffeel«Hi ^11^ 
0«2't DDT, %he nuoldl of ti«is@ oeXls m:tB >^xtv&imts ©eo^ntrld, 
swollsn and v l ^ frmgiaented ehrommtlfi ^^^terl^* Ihn eytoplaaia 
VM iiibfiofDally 7aauoXat«d ma well &g shovinn dlsc^arit 
(Plati XVf Fig* D* Thft8« o«31« ^niw aort d«mng»d hy tht 
•ff«9t of 0«3€ QDT, ifiwvtag ntpturt of o«U raeaibrMi* at ^^tUlm 
In «h« larvat itffttttd %dLt3i 0.14 DDT, Olt had ftnerally ImgQlar 
0«11 fwatoraiit at vtU at laetephaae aifid anaphote stains VOM 
alto prattat (Platot XV, Fl^. 2}« Tfw afftotad larvat of 9tli 
Inttar had OSt vitli advanotd stagat of daaaft and tho affeot 
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o f 0»M DOT VM fsarlsid v i t l i poshid cmt i i i iol«l f fon t l i t f t M i l t 
(F l f t t t XV, Pl|?» y)» l a t*i» OEi of a f f to tNl 6tH imrtAV l«nr«tt 
«aA pf9papm Itw •ff»cit of ^t^- and 0 , ^ DOT vac rvlatsd idLth 
| i f«i i>tt«l ir t 4i«<tiari« of eytdf lMaie eof}l«!tl« itielxiaiiif iMQlwni 
<Pl«t i X?, f i g s * 6 , 7 ^ 8)* Wowrrort »'»•« th§ ef faet o f 0»li^ 
DOT «n« not men l o tfie torn o f o^iapliM d i i l n t tg r f t t i oa o f 
tli««i; cMilliif and aoiie sftlXs regained Intemt as r^#X3. at Mltot io 
f igut«« wey® also i» t i i I n t h t prtfuuat (Plat® ^*¥, F i g , 9)^ 
lodlieatif if teiat t*i®»f Q«11« v&m re t ls tau t to t M s i i t t to t l c lde 
i f ! ympmimn to o ^ 3 r tfpeit o f o t l l t * I n t l ^ s^ftot«4 papao 
allhotiKh tJit e f fec t o f 0*2^ wid 0#^" DDT '.?&« s"?lQltot lay niptarod 
g j t l l otalnpafitf si^JJ. «yt«i|ilai«lo tassuoItSf sf toislaiRaie . l lss^^^e 
nw3. ©ictfftfiely teesatr io ;w»isl«l» i n the pts^m ^ f^c t t td tfltfe 0*^'' 
nuTf ths t t o e l l t n i i e i s t h t form of a«t«»ls» 
Aatiffltiatiafixms,,C.fflal**' ^^^ e«1^8 «@» ' ^ a t i ^ n i l t i t e t o ©wa 
v«ftt(»tt ooaeontyatloft of i>OT as al«oat *iiX o f t%a ti!»j?e •t ls loto* 
f r a t t d t o t t i t lamriit o f hth ins tar tfoated idLtH O^f 10T« Tlit 
l a f f t t o f tobtoiaotit jifist^ars Imd tio txnMio o f t ^ i t ooHt« 
(b) &• iUBSif l a r f a t f prtpopat aiid iw^o t i -
«HHOMONtlHtltMtaiMOMMBMaMaMIMMaNN^ 
Bi f fo foot QOfietntratioAt o f BOX %«of« also toploal ly 
^1)lltd on t u t 5f<d l o t t a r I t r f t o Uh hr old) of &• liteCft* 
On t h i t t larva l tJ»$Q vat fooad at 0*2^ ^ D0X bgr 1i!it p r t t t n t attend 
of m»9lieatSoa« On t t i l t ba t i t ttm t o l t o t t d oeootntratlont o f 
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D0f for topieal. m»i>lleatloa mv 0»0^9 0.1^ mnA O,:^. S s ^ 
ooneftntrfttioo wui qp^iitd in tsm amm vajr as la oaM of 
^ «l^ i-*.^ ^ i^nmiji FeUowiiig tUla tut iuMmi^ tAS af jmbaa i^ftiti 
Infltara «f«f« atitdiiad* OenaraXXy, tha patHalogieiiX iqraptaBHi in 
diffarant tfpe* af tioaaaci^ tat ii»f« Hlie ttiaaa af £• «*»'^ -<-T*ffl 
haatso437t«a af |N»st«>a|)piliaattaft staj^a x^Iatad vith tlia a^i^SmA 
coneentratians* rh© details af natfttS^^eal eaii3itloa8 a » 
fflwrt b©lovi^ 
E,l!ttt!«siittirlill .teaal** --f^r t^ nfmllcstiaa af o .o^ ^^ of un 
t!» 3^ 5! i^ta«» tnyvE f^ t*w "lOttlted larvaa of ^1^ ins tar tiaft 
**1s tiltn 9one fsenolts* Mt lit t ^ Inrraa of "^^^ !?»« i?tatar 
tadTftatftfl i*itli %f^ "llf, ^3®it stlla ^M «art i?seuolai In %*miv 
Cftsplaam CPlatt x ,1 , :"1*^ « 1), ilhcreaa t»ie riis ^ f^fsated •••Itlt 
•^^ •^  DDT aXaa iu-gaJ^ pidl aaoentrla TKisltlaa af t * aaelai t^od 
roptarad eaU. ^oltraas ia sama aaHs* Vben tha traat^S larvaa 
laaaliad «a 5tii iaafeiify tliiir FBa affaataa ^ 1 ^ avan 0« .5;^  mt 
da'valaiiad aava 'vaaualaSf l»atfi la tlia a^tafilaaa m& tHa melt^B^ 
ftialr naalai vara aensantric audi aelX siambraaa ipfaguXar* la %im 
lartaa ftiTfaatatf vith O.tt aad oa^f OBt» tita aaU laaaiKfana af 
tliaaa haaaaaytaa was alaa fuptarad* In ttia 6tli inatar Xartaai 
t!iaaa aaXla affaatad by ataa 0*0^ had ttiptarad aall aaolivafla 
la additlan ta atliar ahaagaa appaaidag aarlier* tha affaat af 
naxt t i l ler aaaatntratiana vaa falativaly aasv advaaaad aai 
^laaa aalla vara alaaat ladlatlnflcaiatiatoU (nata X?I, Fl«r« h)» 
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Xtt ttM afnietvd pwpapm^ vyn liy v»ft1«tt doWf •»«% of th* 
Flit iMf« indlttlaffisiitiiibl* »BA in th» impal stft^ them vat no 
idmitil^ of ttioM ftMnooytve* 
?lfifimrfflnrl»n (Pfcnj'** r^iwao coU« in ttw ti^ ni i««t«p Xastm 
aff»<5tea with 0»5^  r>St had ^wisttjr dewlopui raatijp <!^ to«>la9iilo 
imoQolos awl occasionally raiptuwa. oeH at*!tjwa«ie» thenn e*t«n«i«8 
* 
atiS oooasienolly dtio^t&rit of nytofplBjm^n a^terlaS. Fas sXao 
iplaibln (PXatss ;c/J, Fl|g» t t 2)» In t)» ?tH l^atw larvp* 
affectsa vltH e-ftn Q»0^ .5 A©tf tli® Phu %mtm laostl^ a®«t»«iy«d 
ai^ ^© a?®f?mia« of t!m atlla mm 3Lowl©a vltli -fg^aolet tjoth 
i» tb@ eytop2.ii»a a ^ ttiii mcSLcftia* In tltt rwiaiiiiag seXlst 
f!®m]p©13^ t ^® »ial9i w » ni^«^l in slas «aiS e®ll i^inl>ra«e 
was iniu^irsd Cna^ ^IH, Fii»» 3 ) . Tfot#©wr» %r* ana O.S'' BI3T 
oiKa{>3i*fitliml]r iif«it\aista ijattiotoglcaa, state afidi s t i l i aiattfi^al-
s^ uOftlo Qolls %mm iiTSftilar vitft firsipMiitlsd nae^l* 
Whso ths trsati^ 3»iJ Instsy Xmrvas m&eHwA to 6l»! Itistsr 
ttM l^ X^s ifsrs oonplotoXy dais%iei wei^ &mM bo hspaXf distimpiisHsa, 
ofto lo tlis blood tmwn of tiitss Xmrwm idTfsottd vitti 0,0^ 
2aAiiiliiJLBSjLU* ^ ^ ortoplwM of thsss tiaonoojrtBs 1^ h^ 
iastor iortos tmA s fov vaoooloo os la offoot of 0,0^ not 
%rh«rottO i» tuo lorvao off^tlod wltti 0,li£ D&f« thoss oolls Hot 
91 
rif* 1) . But IJI tH* iMPftti of tliit st«g« afftotAd vlth 0*2^  
Dot, a»tt «f l^t iwf* l!%ll9tli^lttti&l« (P3A«t 1^9 Fig* 2)« 
Zn tiM 5tii la«t«r larvM* wi^ tii aflf^ otAd ^ 0»0^ £>0t, thftM 
«•!!• w«r@ siif« d«naitt4 Itiaa In %h« prvviaes ii^itar* Bomwwtf 
Bf tHe effttet of 9*^ I^IX^  theiHt OBIIS dowlofHNI lob® l i te 
stfaotufot n^mwmm 0*2^ DOS iotmw&i ftiyltitr ilaiiaiii amdi laosl of 
thus® QdlXs fe«!«EiJ3» iJ!^lstdiw?«ltliitolo utmn hy 0*1^ ' DOt (l*lato t w , 
i^pf» 1*5« Pat in th® t?3:^ fif«psii f^irt t^^aitt t^mit o t l l t %»!!« 
QO»plat«lf S^ in^ CPlatu XU^ l^tnm 5f 7 ^^  3) arfcl t?^ir 
o«lie affitetod tqr 0*05^ ^^PT dowloiwi irrtpilKr <HII1 iMmbraooo 
ana «3rtopXft«id.o pfoloetioni* 7IIR ejrtoplom of soao ooilo %mm 
dootfOfoa* tht offiot of %f$ WS %tm t^v^itrnw ofibanooA tm& 
•ooooloo tSLwn dovoXopoA in tht aaeXoi ifliiett ifovo dioifitogratodl* 
ifojoiity of tlioio oolXs vofo $m9tanfw& hf Qm% ^m moA %m 
i—iirtiH ooilo ifofo doaoiod hf turn M#i»r oooooatrotioiMi 
(noto XVX, rig. 2) , I s «bo 5 ^ ioflAr lax^Mf noot of ttiooo 
ooiio tioffo dniagod bgr 0«05!f DOf viiofOM Hio roiSftiiiiiig oikUt lioA 
irrofBlor oaS raftoiwl otfU. wowteoiHt vootioliootiofs in «aptof>l«Hi 
oodl 9o4»tt%ioii in Vtm oiso of tufidloi ot ittSiX oo yoiptofo of 
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mtHmw mmSst&m in^tM xvx. Fig, 3). In tNi 61^ ifistw Urnrn^ 
giff»ot«A ^ #v«n 0*0*^ BBS* % !il#i«7 Qot}otiiif»tl«nt| ttiMft 
Mix* otitIA b« mm^aAm^^ liT iSiiSr f»»«ifit oaif • Xa th» 
pytfupas ana tHi pipM •ffo«t«4 irltH 0*11^  1)07^  i^ lffl»tt aEll tl» 
F i t . 5 «f 7) • 
gtlUfflytftifli C0Sa]» 'f^ ** a®3.1t mm lMm% aff«iit®« fey ta^ 
aff«tt»4 ^tt i 0 .0^ TsOT, 011% a t^v mftm^z.ms^ vnmfs>%MB ^mim 
mwA fifai|!i«mtsa a^ oftsplaiai© aif#ii«Pi» vat «li«i »mn Ijy 0«1^ 
DDT Cflft^ Xflf Fig* 1)* fi»8e st«^!^t imm fart^f sitimstotft 
'hf 0«2l aot, Xn «j# ftn itiitar lartast tJi« paHmiHiitisl o^fiai* 
tioiit in tiMi m0M% m mUX m in ttm c^t^Xas® of tli8s« 
ii«tiw«yt»a iMHie^ w »»¥• prommmwd* Xa additiifi« tiw i>liiiioX«mt« 
for«t «•!« aXM flibMrfwl (PX»I» X')E| fig* |)« XAI ^I* 6lii iiittar 
X«rf«i affaottA « i ^ 0«0^ mt^ mm paitlioXogi^ A «tal« of iSm— 
HaMKN^ toa vat Xilit ISIOM of affootaA 5 ^ iaatav Xanao* Bmmfmtf 
0*1^ MA 0*2!$ SOf ofDMA twIStmw dovaXei^ atat of vaoooXot in Vm 
9f^mtmm aai yoptmo of eaXX mmsSottmrn tfim XitUo dia^iarto 
of 0]r%epXM« ( n o t ! 1CYC, Fif, W* 
ffioaa ttaitoytoa of affoolsoA urapuDao ^ 0«05>C HDf aXfO 
<loiwi*of>o<l iotMifiOi vooBoXoo ill tlM QjftopXoMi Olid oofltoaiomX 
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fWfitiifft Of <m%X mmtbvttm as mill ss diidiAffe of oytoi)IJMniii« 
eontont** flioio tftiongoc HOM f«irt»ior onhoaood in ttit hotaoojptot 
offootttf tqr Hi^eir ooneontfvtlont* Howo-vory wmm ooXlt fotialoA 
to thi of foot 9t tmf ifUim xn^ Fig. $ ) . In t!» tntl^ ntf no m^ 
««• fooifi Intaot 1^ 0*2^  mt* Bat» 1^ Q*0^ waA 0*% tkm ooUo 
vofo $efi»rftUy 8««a in ^le pi*oo«ii of am^imntimu* 
Ai^t«ah>M«>^y^{^ ^ ^ « ^ t Gyiit««^ttt« ( g r i l l giM SfihaiiHilft ftBliil £ag«^t 
ftmm {$831® Qcm34 !iot sosiain intaot tiron in tlie fomrHi 
iaotar feiUmdm ^ t toi»i081 applioati^ft of tttii 0«C>^ t aPX oa 
3fi in«t«r Xiir<«s» la ^KI Mirsmodt stages of t*tt »ffeetiia 
2* Bffgfti tf FaradM 
Cd) 1* ititoimt Zgrvatt .i^mroat iina,ffliPiit 
Tt50 IJ550 for J^raaan (ttolinieal) on Sfd l^tstar larfBt of 
&• «>Htff*t Xorvao w«« 0«D^« 0!t tiili liasiSy tl^ soli@et9tl ^mi>* 
lothol oonoofitfotlomi for siipliomtioii %mm 0*012*^ ^^  0«Qe^ mA 
0^0^ m tdM Wt 2*0 ttX of @9m oo^OiitratiyOfi of fwtaAm (F) trao 
topiooUf apfXIoi to ifiditidttOS. Xmrvae of Jiidi iDitor C2V ^ o3a) 
oiii fivo fopliootoof mmh oootiatiiii of 20 Xsrfm for oooii 
oooeontvotSoii \mf uood* For m paridlol oootroXf 3vd lf»ttr 
Xorvao woto twoto4 with nootooo oiily* Sotart of hXmad fvoM 
loTfoo affootodi vltli aootont oOliPt vort »tadlio4 ii4o 1^ lido 
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ffntnimifirlfflff CFBll*- '^^ ttw \m tmtm Xmnm wmHin^ tmm 
of tiMtt e«Ut bMaMi fr«gat»«ia v l ^ itooofoitX iraotioUt* tlw 
oytopXamt Moaao hlgliXy nasiiolatedt ^^ oftU mBmvBmn^ as « t ^ 
iisshar^t ®wn !>]? the ©ffeirt of O.OB^ F» *milt 0»0^ F 9ntMdi 
rac -^n i^seis &f t*tt i«e3Um« aal eytoplawiie iwil«fi% la wmw mtt»f 
M% t^ ®y « t i l l ^sfimm6t silt®tlo ilinlftdn. tn tfm ^tn tmtmt 
tiofis fjf tHts© Q#lXs b«e8*« en^ tmio^ a (flat« xvi l , Fis?, u) , vitli 
?ic«s«ioma ^ito®i«« ^^3?eai%*05' "f^ , majority of th«8t e»U* 
t>«c»!« Indlj?tln'3rais1»sto2«» Xn t>ii 61^ instar lm^a« affactaA 
vitli <Siffof«n% ocirt^iitP»tliia» 9f 7 | t$»B99 oalli mm fband ulth 
raptaraA e«IX mn^rwM mA mfmtmpMXiM mmlmt CFlale Xfllf 
?tf» 7 ^ §)• la th® p3P«pttpal »tem «t 0»012^ f ^raalad Ipi 
laatar Xartat pfohaoiatie^ rtea iftx« h&gWLf Amasim^ a^d gaii0;ra2JLf 
laftiaUBgulababl* ^s^ ttlgliar OQi^ stn^aUooan Xa turn piqiaX staft 
rat MM att mm at iiXX ia the asiaara* 
T *^*—****>**• ^flftl*- i^iaa ttii 3f<l laatar Xat^ raa ttaatad viHi 
0«Oft^ f wmXtaa to ii«8 iaatar CW !iri>X«)t ^^ aa^ai of tttaao 
•aXXa iMMiaiia aoaaaferiai iiPfOiaXar, radaaady iraeaoXata« aad fn«-> 
iwn«a4. Bat 0«Q25^  «ai 0.0;^ F ««tiaad famatloa of aXoagatoA 
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HjrloiilMsiQ pwrnmnmn (Pt&t* xvil^ Fig* 1> iAii:%m tut mmhrmam 
of bom ooXlt moA m^iUmB ««ro ooaiplotoly bfokM (PXoto XVn^ 
Fifg a^B)* lloir»ip««»t t ^ ««Ufl vtiHI ghowodi isilOfdUi (Plate %1^ y 
Tti* 3) • f^wii tilt tvoat^ 3TS £Tf»t«r tsnfno inmoHod to tfio ftH 
iTHitaart mall aadi found oolls hwA mma^ oytoi^lsiMle vsteuoloi 
(Piatt TC^ If l!i8» h ^ 5) »fl3 atataa of 'litoait* t*my al l 
buoBiHi lnaiistlfiirtii8**iifel« hj t*« tfeatciunt of %ii*Mr oo*ioontrii» 
tiOfis of r» In t*«i 6t*i Instant thtso cwlta %mm fottnd 1ft Mgl^ 
•^^tholo'^ctl cssiAltionf s<»aB yll*i loni? oy^la«»ie Bfoettatg 
(KLatt icnXf '"lg» ^ ^ 7)* In t*it pwfpiip^ sfia tilt pupae, tH^ 
|}©tsj» iiaistin^isfiatolo* 
tMmijmJZiM^^ tn Pm hm i*t»twp Xt^j^im mx^n doiwiopod f«ia 
tfoatai 3f*Sl instay l.arvat« tiiesa otllo ^w& aohmnopli^lio miaXoi 
i?ifH 'isi^ tsgaolts m^ 33miiBlet aa 'jeH m Irrtpilar psoadouosilal 
«xt«fJ8iot» ^ 0*0125!-* ^Ml« by !iif!»y ocmoetitratlotiit aoat of 
thoat ealls t^ aeaeia tiAtft^matuh^Xn (Plato tttt^ Flu* 1)* Xrmtor, 
in Hm ^tli and 6ttt Install larYi^t tSitao o^Ua imm lit Mghly 
daaagod fofit tmt s t i l l iiw»i»d «ltotio aivlalofts (Plata xm^ 
fig* ii^,5,6,7 t 8)« Xn tlw ptvpapm anS pQiaa alao ^hmm eoll i 
wofO la 1^0 i»voo«ai of ilsintogipatioii (Piatt xini, Fif, 9 ^ tO)« 
l^t*'*^^^* ^** i^l*- Xti l»if affeetoA V^ ioatar lartao Hy 0*0129^ 
F, tiw «n^.«l boeaaa aiiollon vitli fraiMiitod e i^rosiatlii siatarlal* 
Xfi aooo ooUa nnoloi Mmrtt i»uatio4 out* Blmielsato fox«o anA 
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nitotie di'vitiofit vmw9 alio m^n» Hlg!i«r eotievntratioiit emmA 
rati«dtMi«t <if %im fii^®i aadi dlsehaiK* of frcmalm^d waA tfiittk 
oytoDlain (Flat* XVZI, Fif* 1K H<»v«ip@rf taite>ti« fiffayva w«f« 
t l i U Man C l^fttt %WI| fig* 2}» Thi mXl mmhtwm btoint 
irrtimlart Itiioic antt faMttd. Zn ths <^ tli Inttar Imrtm^ lovtat 
aonoentrfttleitt (i»t» 0*01251) Qansad s^l^Iasoia b^ilgiogs (FXat« 
T.^ T, Fig. h)» Fttrt*i@r» .\CS«^ eauwili brtftkiai of tiie oaU 
E!f^  t ^ fiii«l«idr r3mn)sm.mnt @xtr#xat aeeentfio position of mfoHtii 
mioXdiy End ^toplamlo teiglug (PXat» XVXZ, Fig* ^) whilo ligr 
0*0^ 7* f !3a|ority of ^@ o@ll8 ilxniosi o t^oplaffmlo disotiargo* 
'?ow®T?®rf iosat OKg iwitlstei to tHii lastotioMt ani iposalnii 
i?itaot« T*io tii*tiiolo*tt!£il eondltiott of Pwm e t l l s ?«ipth^ 
5ei«iloiHi^ 'l ist tlift 6 ^ i»i«ti* l!ipirr«, soai blnaolo®t« foras t'tltit 
Sf^t>la»sle aisdHnifge %mm aXsio «ien (Plate XVU, fig* 7 ) , In 
tl» i»wpap!s« sffoo^a tsjf ©•Oaf^  F» -slut melt i of ***!! ?^to«i^ o 
oooDloleljr rmftie^ sit! fr^wiftted showliig disintegration (Plato 
xni^ Fi^» 9)« By 0,0^^ F, fOinoat al l tUs o«U« tffiowod «?!»«• 
plaonio dit«iiafi»* WhiT«a«» in fUft impao affooted i^ltlt diffariNit 
ooaotntpatiofiat oaoooytoida v«r# got aoon at all* 
MittihlltiMlliia (I8ii**> ^« tua t^ th ifiatar lavvao aooltoA fvoa 
tho tfoatad 3fd inatar larvao thaaa oalla %i«7« ttml^ foaod in 
1 ^ vitar* Bat i f praatiitt tnay had roduead molei sarroaoAiA 
lif a fov fat glomioa vitnout oall ooobraaa* Za tho 5lti laatar 
larvao lliaaa ooUa ooold bo iidloatifiod oidy vitii roaiwot to tl» 
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«ff@ot of 0,0t2^ F» Higher eanetrityatiofia &mim4. tiea to di«ifi» 
tegrate* Wtai*| in t»m 6tli i^tar lartMf propupae and papa* 
Cb> a* l i k u c i IiarYfi»t larasmBii .s.ia, ,imBMt«> 
Itstsjp Ifts^ v^ ja? Cr^ i^- 'iy fjt'"^ ) .-sT it* ;||,g-^ y,f| jr-na LD5CI was r<j«i^  &« 
a,3^ n, T^yfore t'le .^el®eti9€ sone?*ntratlo^ for BBpllaation 
^msf' 1*1", %2^ '^ -yl '?»!' r# t»ic? rftt^ o^ t ,:sf mi^ttentUn aM later 
*^ tt%!»lo-Hc«l 5*sa i^s rm^  'tiimn ! slows*. 
•^ mtlta'i hth ii^tn^ Vt^^p, t!^ rstslai c»f t^a© c«?lls t^ cieaQ 
0931 ^gmvwm also nfid lUa^ iomtl vaeaolQs asveiopA I^ in bo^ 
eyteplanea md ^km mohmB (Plate x?III, Fig* 3)» uut %iitx« 
v«t aa dCfltivoUon of ^to|>ia«:i tl^ugh ^« imftMa&Uti material. 
b«oci!Mi raggod* ^ farther dostruotioa vas notieod in tli« $fh 
in«tor larvao (Plato XVXII, Fig. hi* In VM 6th instar larwi 
aff«oto4 with 0*¥> ?, PH« ahowod loss of oytoolata and Uy htfliar 
eonoontvatlont tSw amSoritf of t)it«$0 eolla booaiao Rmitiailly 
i«idiftiaitiithOblo« In fcha prmmpm affootod witli O.K ami Oi^ F, 
tilt oytoplom WM foond in fStm form of DrooipitaM atomia tUt 
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iiit«tl«itt of thtM mlXw vl i i^ b»eeu9» ladlstiiigal^abl* vlita 
EliftWMItaflirltii (l^a)!- la tlw J^ tH luster Xanraa aff»ot»(! with 
mnA xNidttovd mielmis as %i»lJ, m rmatmmd mctt&fw *i»nbfai«« flit 
aytopl^t^c \'&tm. t®s fi!r«hrT luertate^ Irt naisbur 'it3« to t*i« 
«ff«et of 0,2^ and 0*3'!* r aisa TW«l«ma bseaRw awe!! wtdtietdi and 
fyairf9®«t«a (l*l%t# XlJIIIt Tit** i .% «*5f fent n^wmi. slig«® of 
!9itosi«« In tins 5th i n s t ^ lM^«« affsct©^ wltH 0«t;' f t mix« 
8yt0i>la«iic va«i«ol@s ae^lopedlt co^ toplaana was dastroyoji aad 
3.^-' and O.j^ F, tbe entljce tijt&pltm^c tspmm tmemm fillodl 
t?lt?i vacuolo^t aaclstts liac^ ?^^  rrigrrefi Imt ttm 3©1X s tUl sha-wea 
Tiit»8l«« la %!» 6t!i i!iatsi» lajnya© affected yitU 0»1^ / f 
^iiouoXlsatloa la tm Qf^^tmm wa$ imi<$h Tij^ onmiaood (Plate ttlll t 
ri<f« 5)f vhlXt !ilf?h«*j» oofio0ntr?.tioR8 taadi© t*iiis indiiatin^lshablt* 
In tm pTvpm^m tli» mvAtti&n of tHeso colXa vui tHo sfnae at 
in til* 6tli ifwtar lB.rmm «xo«pt t ^ t m f»^ l>lg^ @r '^ aeuoloo 
^<v«l0l»«d in tlw oytoplstom (Plato vmi^ ^i^« 6, 7 % B)» Tlisrt 
vao no idotttity of thaoe oollt in t ^ ptmnl staj^ e (Plate "^ 3X1« 
F l i . 9 ) . 
yi^ ^<><iyf I>OMW>. In tho affoettd t^ th imtar larrao vith 0.1^ ?, 
tdo oall m§t»»mam boe«ni irtofislar and roptafod, vaouoloa 
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tlA9i a«iPtX9|>«d« By M,f^ »r oofioeiitrmtiofWy eytopXafs «&• 
«l«t%foy«d ia sMt of III* mttm fM&Mm %Mn.f Fif.i^ ? & 3)« 
Zn tfM 5tlt litctar larvae aluost aU of theft oelle vort 
QOispUtolir dasusniea (Plato KVlJIj ri«?» VI bat loeio t^ ioiioA 
jsitotio* tfi tH« 6tft inatay lartWt propapwi .i?ia ptipaOf tuely 
iaofititf ^ ^ ^ t «ieFiaiii« 
teamiiliyg ,^.{«gytea nCSM,**- Xti t't® ^t^ tmtm^ larvae dn^  ta 
%\m «ffttt tif 0«t! .C^  mi:sl@tts l3t©a53@ «r©c©itrie t«i«l reduct^S 
uell ri^ '^ tjrtai %*a8 fu^tared STid l^irgfeBJPge of oytonlaeta took t^ Xose* 
Tilt @ff#st ©f tiin^ j^f aino@fttrittl«jfi3 mm cajaplat® daa-^^ of 
these 3@ll9» In t.t» 5th inatni* Ifr -^Sfp afr@at«ia t^ O.I"' <"*, 
th© .2lei of t!i8se e©lls artela f^ssd imnf -vtJcucAes and !s®e®aB 
frafsente^* V}»f?»ns ©•^ ^ aitd O.^ '* *' damaged tt-^ oaailel tswspl*-
tely* Itkwevert AOIW ©etle s^ iowi^  taltotle fli^jwa alao» In 
tlie 6tli imitar Im^vnt t ^ QHe beoatat ^sfovsmd mnA dfs^ged 
fwthi? t? Q»^ r (flats X^H, ^If, ^) , 111 the 
onily tlie retseifte of these oeUe mre S4entlfi«S ^Itli reepeot to 
0*l€ ana 0 ^ !»at tfioy beoaiae indiletlogtiiehelile when tfoatoA 
vltli QmJ$ F» Xn the pvpes aXeo tfsalr reneltie «iere pieeefit* 
gtnMlteyj (ft<ih* Xn the l^ th Inetar larveot affeetod ly 0.1^ F, 
nefqr oytopXaealo veouoXee deveXo|»oa| atioXeiie beeaat extfemly 
eoeentrio and ragged* Ftirtl«srf ohfomatla material waa broken 
100 
aovn Into frmgwifitt Isgr 0«^ aisl 0,3^ F, tmt th«r« %}as no ^ t * 
tftMtioR «f oytoplaxa (Plat* XVXIX9 Fig* 3}* itltotio dlvlsleai 
«M34 b9 M«ii« Im tht 5th instsr lorvM 8ff«et«d witli QM^ f« 
eftiv^%Mmd& ^mmSkBB ismmam^ $M mwkmw and aseJLei ^«aa» 
aotolied ia 9om Q«3,ifl* By 0*2^  F, oaalttar m^vnm ytm ruptdftd 
and bteniit Ifptgular* *'iirthart by 0« .^ F imcliias to8«as» iraggad 
mmf eeU !aeiabraii« was also Tti^ ttufwd* In titt fiffe6t«d 6 ^ Ififitar 
Xarrnftf aitfe of these i>«lls ^&tt e«s«p.l®taly ^ a^-gedi tor •^^ '^  ^* 
3y 0«2"' »»! 0#3^ i F iig©!i®j»g# of 0ytcmla?ra t««>K??ln«©» In th9 
nfftctoll t>3e»13«apait tlieswi 3i l ls v«i«' isdonlfitely taaufumad gftowli!^  
t»* 7 T 1)# u ^ ^wmm tmintlnnjiS.m^l% Bgr t*w @ff®®t of 
f^ *^* a*ifl 0»3''' * • Xrt t ^ rwaif tfurip a»lls «PI^ nst seen at all» 
^^»ffft»iifflftfyi^ « fiDii3t«» In thffi affaeted t+t^  l istar Isviraii thiist 
eeHf t««ro not 3««it. 'im«r»«rt «^ *^ «^ ^^ listar lartaa tioy »•«• 
Men agmin in tiigti]^ a»ug«d ftim vlth mat^  iraotioXtf (Plate JCVXIX, 
Fli* U-}« la %im 6tti ins tar Iiirv»«« ttttae oeHs %i»r« foasvl in 
tlw Mat oBoftltaoa fts In eatc of «^li inatar larv^^* Zo ttit 
VMinipat Ml tut pv^tm^ mikf tut ftmtiiMi of tfmm etUt eoiil4 
bt loettiA* 
aiiittaiHa ifOTrt iHtf antuniU otlii (figil»* ^ ^ M OOHS i«>ptar«d 
to IM ••Yjr tontltivt tad Istoaat iodlttli^raittM^to oiwn la t))t 
ti^ tli iiuptar IftTfttt offttttd «rl^ t i^ of tlitit ooB8tatrttlef»* 
ri , 
101 
0* ftmimiiMi fti giTflMi 
ejrtM hsme ii»«ii nmki with rasimet to t fwir 
The tjyssene® of i?lfgsj-tti l a t^ hwmma&fiMS of tiJ* 
n^^hg and Guilts* 
2« SaaUiMi ilfliitBUBai Orthopt@i>R CSs^Uia««> 
flQfsiphs and ai3til.tt8« 
3* HtonriflfglHi ajgwirmrlitfeig ^^oiiirar ortnoptum CA^jrididat) 
i^ fiBl^ lif and adults* 
^* SXJUI Jlkui OFttioptara C^erldMea) 
qgr^ pfia and atiata 
5* jJBitlailmeaai pnalBlftnwi Wftik, orthoptara (AorididAa) 
nyroptii and alvl ts* 
6* *'**^**^**** *•»**<f»* I** l>lQt]POi»t«ra (clatt idat) 
fiyapha and aSalta* 
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h&rrm (3ydy ^^t 5th and <^ tli lti«tai>i>f prt|»¥^ai», piipM 
ftfUi MCtllXtS* 
l«arvii« (ifd, kt% 5**t ®a^  6ttt Idslars^t pr@pttpistf rmpvm 
It* IOBUSA ,mm^M ::-5iptai»a C^allip^yi^^) 
adults* 
layv«« of tlid last Instar* 
adiatt (^ «nl {} 
t6«|UilUClA TW*!1^ ft1ii^  f hurtb«rs« Col^optera (CantharidsMt) 
•ault« {<^ sndl g) 
1?« f**<>ft^ **«ff ff^^'^fflff ColMpterft (loicbrioaidae) 
likti iMtar Iwrtm and ainlts* 
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f t i s lnt«r9ttin«^ «o rseord that Vtm hsmm^tm^ of tut 
alio^ nmntiamA Inseott gQtmwdXXy ilid not 9hmt qpidlltatlv* 
oooiinnineQ of glfoogmn mtrnpt in thoao of g» XtJlllXA '^ 
£• iMISBIt* 7l»i«fof«| fortn&r stu^y on gXyoogon vai oxtoadoA 
to tv«isi t ^ lcio©otf fmm %\m lyd larvisl »ta^ of @m»k speoies* 
C )^ 1» i^^ 34qm|t*» Xn tMs iii>@atas €ijrootts a^osi t ion %ra« soon 
i?! t w fows 1«0* filt^ «*» la fm l%>w of ti,m «a»a!MXatloft of 
'^s^ents col^ mr or In r tall to t^m9 ^m&ntn mlmwd Inoluslont 
CsmiM, oiwM or sflonir-ttefl In sHtxraJ* in a^o*t ifjstsrr t%e siao 
«f «lf w^ t^sft Inettistiifi URt «!««t\i1Xir mWi nid fnitrai^ tlB^ in 
l%bIflN«6, so t^ « ta tw^ rr»<il'"tiB t*»?li' smtpT^T&tim ocewwfeneo In 
(different inatafs. 
In nott of t'l* *^la»aatoe^teSt l^yc^^ '^i a0f?90lt iia« i» 
t^ io fosra of flm gya«i!Loir» AXtiiougl* a fon poaoeytes aXso 
ooatainod tijote ppwuaet (Piate 3ax, .^i^g, 1,2), aott of th»»o 
ooXls pmhmma&ftss art! pXasiaatooytoa "19& one, tiio, throo or 
wiw Xai^ ii d«]»oflita (FXat® XXX, Figf* It^tS,^^)* fixrlli«rf 
altotioaXXy dlviaiog ooXXs aXao oootAXata gXyoogoii IneXosiooo 
AXtfiooSli both tyiHit of i^ 3rooi?«B dopoolti as oontiooid 
104 
b«f«f» v9m vvmn% Xn Vm hmmvfUu of i ^ Xarvs* of VMM 
iatttr but sKisti; Iftrto ImhiBiaim (on»« tifo or mmf\ mn foaaA 
in dooreasins ordtr in i^ lMOMitooytoiy podooftot^ t^ rohnwaoeytot 
of tr.r^0 t*!eltJsi«!'TS t^ an '•if^ '^mlRtio*}* T>s«i»« in?5l«slon« wsfii 
f'finepatlf »mf tmrelf tvO| thrt-^  or five In gach ?i®ll| aiatly 
in nlawstocytesf «eH»raratitely ItsMp in naKlocyt#t, vmhtmim* 
iyt»n n^ o« loes^tolda (Plot© /Ti^ riitu* 3,9,10 .*« 11). 3iTwoJ4iat« 
rmimyImM nmi ^-'ItoticaXly Jli?if31o?f plaaaatoayfces "Am ahonsit 
I^m 5ilyoof^ @fi JsDOSit %ms ss»«tly la trt@ fora of iBrft 
inelttsioits ©itit®r wiuiidl oi? ^ongatad in BXaanatocyttSf |JO.iosyt«» 
sfid rarely in mmtift&iMB CPlato XI^, ri«» 12)• 'im ntnmlM 
iwp© ?x*08«nt oalf In plsfE9atocyte«» 
Tht Riyoogea dspQslt vm» found only in t^e foya of rtrnnd 
or «longat®<! inelosions in tsla»«atoeyt««f i5o1ooyt©« antf 
prohooaooytof smd rarely in oanoeytoids* Thi also of tho 
inolutiona vas la:[^«st at this atago than in anor ottwr in«t«r 
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msA IStm mmAmm mnibor of Inelnsiont v«re flt« in a o«ll 
iPttm tlX, ?tj?. 13). 
to«3rt«a and tHjddejFtti of tsylsr pupa® (!•«• ft «S«y aM) 
(Flat* XIK| ?lr^» 1%, 15 ' 16) • Bat in ola«r pvepm ttiere wan 
j ^ t o l ^ <(f ana | ) 
In ?»4«lt8 of liot% 9«i{©s ®tt!t«fi* mm 4ay or 5 ijlay oHj 
I t «»iilA bt S8WtlL«4*^  ftoflt t*Jt nts^te a!s»©rffatlon« that 
t^ dewjsltio?! of **1^ 80?@ft In %hn himid 0etl« vsa -laadimM nt 
th» "pf^ fptipal star® af i«*wlop®©iit» X»iin tMi sluf^asit f«fidle3 
to 4«0i««M( unt i l littcy mrpttl lif®, ¥*»n i t '3i8«!»|i€f««i€ 
entirely, ffm deef®ai« of bloodf •• oell nXfmw,f»n in emrly 
fttpel 9t»j|« %rmi asioeiateS vit!i a mnyJfiid dtewittse in t!» tvmtmr 
of oelle thet eppeeredt in the blood eiaeer* 
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9l4ii^ftt«a (ffo^iiiie) in tfit^«* fto i t i« of tm ^foofOit faslii* 
a in^ in diff«r»«t fiwaoeyttt of tti« iRpinia. i!istar«, liy®l*apii«. 
«f tmlvLMtnm « i » 1 to ** ifi Otts, I to 3 in tm rtri€ TOs a^t 1 
01|tiof®« ^posits m*© 5f0«iat iit FHSf PitU§ I^ P» ai^ Ms* 
Tliige mrm 1 to sai^ saS »8ill to lafg® i s »ii® t^X&'m XJC, 
Fig* 2) . PiviSlf^ 0@1X|{ also ci£»iitmin«i ttiesw iitisltisioxss* 
Xo«0kQfioiii vore a^m in fasy Plig, PQ9 m& ia«« utiiaSlir 
out or tifo 1 ^ inelntiomi la ^mh WVL Cflato XX, Fif«« 3 ^ ^ -^^^ 
tUty wwm aluo pfootat in aiiriiing oe11«« 
flii flyoogofi iHQlwslons mm pmmn% in Ptt , Pt», POi 
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«iii dftty Dsaiilly ^mt wt tuo in I^ Htf ?l*s aaS Kit \m% foor in Oflt 
tnelugioov %mm foutiA in tH» PRs, ^I*B, POS a«*l 0R« bat 
eci«|»i!UMitii»ls' f?i imm o«ll» tHan In ot*i«r ifistara (Pl»t» XX^  
*^if8» S ^ ?)• In «affl« Cl'i« t ^ t wir© irt?'|' iraall ana a&ay in 
ntiTsb'*r» Inclusiofls wtrt iitl»»py»»ttit in a f«w liiridior QS^HS* 
l^x>t mri o t^:f a jPi^  onXls lit ^M saeap at»& gljcscigeii 
iioluslQfis w r t imx^ tn ntiXk tevst eella i^ilah winfe ?JbS| K)8 
rj^ GHf, aii0 or t ^ only in «i«i?t ac l l Criiit^ K%, .^ 'ii*a, a ':^  9>« 
In *mB% ©t tut atjtiofs tiejpt ymr» m ^lymmn tmlUBiam at i H . 
As in ^m qj^ '^ iqf^ if ^ f Q9f|9ji ineluaiads v@m rtisorted oiilf in tin 
'i@»«OQytea of r^tmn^ ea? tiwpm i««« 11" ^ ^ old mnd the mxr^tvttm 
htoQid e«1.X9 ®f ©t«ir irnnau !i«i fi» rly^if«n inelttsioas* 
WtttSKiegrtes %»!»« foonl vltlssnt tlyooifeii di«poiiti« 
f^l &• llltt&if blood*acXX e(iy(»fi«n tondftd tovafdt letm 
mmOmim «% iSm <>t^  intt^r A ^ i^ nvmiiiftl «t««!««* I t difteliwA 
Kbyiifttiy in pvtpaX tt«ge anA aitappeartdl ooopXet^Iy in l&tor 
pupal ftaA aitilt ttag^i* 
tittHM 6* 0^mtTf9ai9 of ^m ^tyeofi^n i?%1»sic$!is i!i tlit ^mtmaeftmu of tte larval •taf*« mt 
Tyi>»» of fmmm99ftam Shsp* of tfje r?iy®>''«n I^ffi of tJm s lyoo^s 











































Q»71 to t.»>3 
:^*^ X t A 3 to 3«|7 X 
I A 3 X 2»tl» to Zmp¥ K 
0*71 to 1A3 
0.71 X h^ t o i i 4 ? X 
1A3 to 2*1% 
1*i»3 X 2*96 to Zml^ X 
a«fi» 
2*1lk 
0»71 to I.V3 
2 . ^ % 2,1l> to 3.1f 
2*1l| to 2 3 6 
2 * ^ X aaii^ to 1^09 
1*t«3 to 2.d6 
W*29 X 2*a6 to 5 * ^ 





t«i^3 to 2.86 
2*1i» to 2*36 
t»*29 X 2*96 to 5«{^ X f«l»3 
2«H^ to 2.96 
2*86 x 2•IV to 7*15 X 2*1)» 
1.71 to 2.Hf 
1 A 3 to 2.tli^ 
I A 3 to 2*11^ 
h^2$ % 1 A 3 to V,29 X 2,a6 
^•29 z tm^h to 6,V3 X 2»fV 
1A3 to 2,1% 
t A 3 to 2.1l> 
^•72 X 2»86 to 5«72 z 
1A3 to 3.57 
1^ *29 X 5*72 to 5*72 z 
8 * ^ z 2,86 to ii^Q X 
5.72 z 2*86 
0.71 to 2*86 
hmZ9 X 2*86 
0.71 to 5#72 
£•86 z 0,71 to Imff z 2»1V 
1A3 to 2*86 
2.86 z 0,71 to 8,58 z 2*86 





Xa»%«M tfp»s of B^a^m of 19i« giyi^goii stm of tiio i^f i i iMi 

















Sloasatoi (yod liUM) 
a«ia i 
O'fOdUl 





















Sloag&ttd aol mwwtA 
BMUS 
OfoSd 












5»n X 2*1^ to 6«i»| X 2«il 
©•7t "to 5«<^ 
3 « ^ z 2«fV «o $*9& X 2« i i 
5«7? X o»7l 
0.71 to 2,1V 
S«86 X 0.71 to 5*7? X i N ^ 
a98$ to 5«$7 
a*8S X 1A3 to 3.$7 z 2 « ^ 
^•57 X 2«d6 to 5*00 X 2«a$ 
5*72 X 2.8 i 
1«m to ZM 
Um X 2.11^ to Imp X 0,7t 
1.l»3 to 2«8I 
1«l»3 X 0.71 t» 2 A X f«li3 
7.t5 X ZM to f1«M» X 2jm 
1.^3 to 2«86 
2.85 X I A 3 to 3*57 X 2*t^ 
3.57 X 2.1H to 11 .M^ X 2mU 
1.^3 to 2.8S 
2.86 X 1*>>3 to ^.72 X 2,8& 
1«»^ 3 to 3%5y "^^ 
2»U X 1«%3 to 7*t5 X 2 * t l 
5*72 to 6,V3 
3»57 X 2.1H to f #72 X 2#8S 
6.U3 X 2.8$ to 8.58 x 2«i( 
2»m. to 3»57 
1^ .29 X 2*11^ to 5*80 X ZJ^ 
1«ii3 to 2m9^ 
2*86 X 1 A3 to 2*8^ X Z»ih 
1*^3 to ZM 
2»86 X 1.V3 to 3«$7 X 2 , 1 ^ 
2.86 to >N29 
2.86 X 1««»3 to 5*72 X 2#8i 
8.58 X 2«8i 
1^3 to 2«1ti^  
2«96 X 1»)»3 t» 3*57 x 2*1^ 
7.15 X 2.88 
0«71 to 1«ii3 
2.86 X 2«1% t * 3*97 X 1*^3 
2.86 X 0.71 ^ »>*2f X 2 . 1 ^ 
7mih to 3*57 
2,86 X 2.1)» to 3*97 X 1^3 
5.72 X iA3 
1.^3 to 2*86 
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I l l 
^* ililllteittolliiflHli BiilWtCTiiiflif giXf<8ffllfftllii.iiliBKHitilIilfli.litlft tli 
f^ i|2f9<ipiit di|p»aflitt mv9 fsouQttd in t^» individual 
lia«aooft«8 of • mmbtr of blood smtwn wliiott iDtf« Dr«i»ar«d fr«« 
M^r Isirtii* (HB >ir oHl of 33Pd| H-thi 5©i, 6th inttays as ylX m 
j»f0|5iipas Ba& pup«« (1i iay ol4)» Ihe SMmrii %«r« ataii»d mxA 
iiM« Titri3«iaaai» Tht isountiug tit gljcossa anposlta wa« acal« by 
ssl«©tlag 500 a®ll® lis rm-dQ& iiB^imtm X% um f^ t^ind that mast 
tsf tH« fisll^ st>3lain@d m ^X^mten ctoposlt* Joi^ Qimjrt wmn eeXIt 
!tna f 1 ^ nrmflwlts of I^^ tsor^ Qu or 01^^ one Inolusios;}* t^ mmhme 
In t?ie 3t^ itstsr Isarsri-^ J^t t*i<» rras«nct sf ?!l??tjo«tefi la 
'^ rsfinlfiip faw its -Ttsimin l»ts» nnjgylt;^ ?3f o^tls Hat® f Int r^rs-
mites af tdfmmn arts t^ ie o«lXs ^^.fh nm «?ty«»?!efi l^itntistn fiw 
In tfm hmwi&&yt»n of *ft!i ana •Ttit Inatar larvsftf t!» 
pftttcm of ^lyoof^n diatrilnitiati vtm t ^ nmm sui iii 3f<cl instar 
lestfsm* But in tH» 6tli iratar lai^aa and pr«piipae| Haattaojrtas 
vitli oM inQluaion ware higliaat in rnxBitowr a« «»apax«il to tiw 
oalXa with fiiaa graiioXation« ttm mnsdjmm nmtoer of gljroogoii 
iaalttaloiM pfoaant In a oalS. waa 8* In e&aa of p^aoy tua 
paroantago of liaoaoeytaa ooataining ona giyoogan inolsiaiotta 
waa Hlitiay a« oaopayad to tua oalla with tuo gl^oogen inoXaalona* 
112 
fi«ii«v«f»« fiaft Kr«nitl«%i«ii wM ooaplAtaXf ftbs«fit in tm pupal 
MU9S9 CFl^S* 1 At B, € , 0 , S a f ) . 
G l^je<ii«il t^«lt (p«l*«0ilt«itt) 9i hmsm9ft»» of £ • ^ ^ a f i f i 
t!ie glye9ir«n InAmM ^mi»A litth larral stags aM a^taao^ 
Mgiiiiat asuaf si t tlie instars* I t wat mspmttwlf i t asrseeiv 
diftfc @r«l«i* in !/th tssta? Isgpirati pTtrmpaef htH tnttar lRmi@| 
isttffae aM 6tlt Instny Inirvsi®* ^oweiwir, in t*» wtipal ftspftf 
f!ifel» S* OljitrfiMti»a ^tt«gpii ^ glyeoftfn d«|io«it9 in tlie fmmmcf^a of ABlll^Mn ittUOM 
flte 
• f dif Airfiiit e ^ l s KlioifiQg i n e l a c i ^ 







Or«a • 1 












































lotoi« (hit of 5tV madoa otHlB 
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Orao • 1 
Qyaa • 2 
6»MI • ^ 

























































































rsados ool l s ^wvn^ glyoogos laslasloflo wn% pioiosi i a 


















































Sotoi* 9tt« of 516 raasioa ooXls t^mv^A i^lyo^oti iii^ltisloiMi 
239 oolls* 
iioi« pfoioat Sft 
2 
• 1 
Oral • 2 























































































ffwutoi eeU* gfbiervoil glyeofen ioelttvloao tf«ro pmma^ I s 
8«2i 
2*61 
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GLYCOGEN INDEX (PERCENTAGE)^OF 









































Tfm |u*Q4SftdiB?e of Q^untii^  ^Ijooi^ tn doi^sits vac t!it sww 
«• ftdlo|»t«d in II* fttelicni^> Th» fXyeoi«n depositiori VM fi»tie«4 
in 1.«88«r fiueifb r of mXln as oomparad to ^* Qi^ c^itift,aflA i t viui 
only In tm fox% of Inclasloni* Jraonir ly<K>i^ e8 isantalrdng 
aetlf^ 'watly tM«i ¥ai aiw iri«!lasiofit off»a two an?i riAi«ly 
mate than t ^ Irtcl^siotia -yf^ rt^  mwn* Iba mmximm minsber of 
In th@ 3rl iostar Inrtmif v-m tsm»t of Hm-m<B!f%§s vitti 
wltl^  t'rfo IncltislQfis* * Imrsm^ th^ 'nnnt of cells sjoftti?lalfig 
rjore thjifi ?^o t!*(»t»3floii« mm mi*lif»lble» In ttw 8mt»««'"t»«nt 
instart also nmm rinttntti e-xisttrl# ihxt th« blood {SQUC of 
pttpm i ia oat contain miv9 tHnn one l?i«l«8lafi CTabliNt??! 
Olyoogon iaSox (poroontago) of haonooyt^i of £« JUIUCit 
Tlw itoroontttit of blood oell i eootalniiii 'I'lyoogoo in 
3rd iottor lartot VM M) vbleh vao the hlghoat "t&Xsm mmng 
tCkl t9M iottaro i^iortao i t vaa in doscoodinc order in 6th 
ifittoTf prtpfOpail ^th inatart 5tb lattar larva* aad piq^ ao 
ro4»«otliroly« la tm piip«i» hOHOirorf tba pareeatago rotsoliitA 
QO!»t«iit t99 obottt oaa aod a half daqrt and tiaii I t abnqitl^ ^v^ 
ppod Md iMNiaM tiro ia oldor pvpao <Tahlo«11| Fin. k>» 
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Poiatmi^ af lEto ,^ 
flHfeor ^ i o A i g t o S 
2*97 
1 *C^ 




i i«M vmwmi^ i s 1 8 | ool lo oii0|r# ^^ 
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GLYCOGEN INDEX (PERCENTAGE) OF HAEM0CYTE5 
OF S-LITURA 
I JL 
3TH ^ H 5TH 6TH 




3» >»%l»l^itt>l •ffogt on glyoofit 4»p»itteti in Hit tiaww^rfg 
mmm^mUmMmmmSSMm m-n ig i i i/HXli m ilffw iimn im i m Ml 
Ci) SfUftil^ft q^l la^* Bffaot f3f topioal application of 
dtiff®r«nt .illaUsina C9.2,C, O.!^ - aad 0»*^ J of i^ uf an tlw itlycostn 
aoTJOflitfl! ©r t ^ nmw&sftSB &f t^Uf 5tft sua 6t*t littttr lsrr0«| 
i53P®l«tpa«r nuA ptiuae %m« stodiod, follcming tHe appXloation on 
3rfi instiar tasn»B# (2^ itt oia)» Blo©a taitiiy* "mtit t>wi|SMP86 wntii 
these tWB^Il Iw^vm r^sultea to 4^^ t!i lista^ andl t'^wtnftwy In 
fir«feie:,t^nt stafts* P'^ rs^ llitl mntmt lartat tr®"ted wltH a«^t«iit 
111 t ^ f^ ie^ oait of t^n *^ '^ *i{i«f t t t of '-«»t&iit trentsd ana t^at 
of f»mal and i3ntre*"t9t inntett. 
Aft»r tht w^plieatioa of Q«2^ % 0 . ^ ^nd 0»t<^  JW? on th* 
Srd ifittar larfaSf there v»r« ir«Y7 fttv glyoogesi ineXusioiit in 
filr«ody 4«tl»«70d blood oolls of hth instar larroo* ^aly faiatly 
•tftifitd liiti3a»iofM and fim sr«iiBl«g vofo fouoa in FBS| PI»t| POt 
•M rovtly ta Ol« (Plato UXf ri«t» A 1 & 2) • 
tlw ^n»iiootiofi of 0,2^ I9IIT oil tUt 3rd ioatftr Inrrao 
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9m—A rtdttetlod of ^^fGomn tmln^tom nnd gvmfialatioii in 
t}it A99%myA hlaoH e«Il8 of !rth iastiir larviw* HovevePi « 
l«it dMiailti tmr® fmifid in PR«» Pta^ ?0s and 0I«, After 
ofiplylfii 0.3!^  mf only a f«v mmll ifiQltiilAfis ^ w SMU la 
PRg, PLf a?ia POt. Wiiep^ na hf QM HDT ?ao«t of t»» o«U« ti»f« 
wHicih HBA f:ilitly at?tli!»a *^ lfoE»r«n l^ isl'.miona (Flutt '<KI| 
there t-rex*© WJff fsf^  l^ymss^ .ea c!fposits (rii^t?! -.;a, w'i-> /% k-)» 
After tf^ ireat^snt vttH 0»S' liOT, a fs -^ ^lymwMn 
ttmXuBiam -mt* fcmM irt PHa ^ POs urtly (Piatt •''^ d:, ?ift» a 5) , 
but wltti 0,3^ and 0»V ,^ m%m »^*a» T» ftl3r<«i«'0ii lertjasltlon In 
«tir of t»i« e«ll«* 
(Mr ^ f oXd}t« 
XB tl» m%tmi of tlw pqspttt «ff Qt«<l vitli 0 . ^ DDT, only 
oiw fftliitly ttaiiMd irlyoQf«ti ineltislofi vat fcmndl in only ont 
pedoeyt* i^wf«at «11 other o«ll« AU not hsmi any l^yooi!«fi 
i«l>o«itl»ii in V»m (lH&u XXI, Fi^» A &}• Fur^ ti^ rt tm oallt 
125 
mth O.JC IUKS 0 . ^ DOT. 
Xt ts9iaM b« O9fi0lu€kid that vti«!i the ifiMets %i«r« tz«at«d 
¥lth aiff«ff»tit «3iiiitliint of I>0T| rrXfmmn 0mpo9i%ian in tlw 
htt»3K>e3rt«i <?radu«XI$r diisjgepfidared ivm ta the toxie dff^ Ntt of 1 ^ 
ilff«jrtat 3ltntiott« C0«a5'i ^ - t ' sm P«2,^of ^ J I aw the plfmmn 
d@i5oslfe in t*Mi Hattacict^ t^ s of i>.tlt, 5t^ and 6tH lertaX InstarSf 
pi:*ft|JUP«s i^ M mxpm igns fiMtvm^ ftllovlnf tft« jfiplieRtloti of 
in e'^m -5** ;!• S^SiaOS* ^^ ^^is s^ s^se jttso t*»«i*? f.'?t« m «f f«et 
of r»wste!i& Oft f^ '*Xym'^n -iM^osltlejft in t ^ "^^'lo^ft^ii. 
After t*i« twntt^fi t vit>t 0«^"* nrr^  3«1" K)T| l^yoo :^®!! 
doootite «»?• m^n in X«t^r iwife®r of eiiXt at g«i»par«l to 
7iOf«ai ftodi oontf»l (Plat» xxii , Flf^s. A 1 § **)• jiowdYor, 
fXyoOfi^ ti d«iM>8itiOfi was fouwl in I^ BSf Fl'Sf POa and CMls EH vtXX 
M ia idltotioftXXy dividii^ Q«U«» Sa«ar« of l»Xood from larva* 
of thio iiMtir foUowing t ^ aeultli^ of 3rd in tUr larraa 
t«»a%Bd vitH 0.2^ Diyt shoifod ota^r ofit or t ^ iooXiisloiM in ft 
f«« eoXlt !••• GBSy POt aM PHs« 
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i^lMin t»m trttatod l&rfm of ^H %mtmt remtmd to thia 
sta^Oy tlw »u^b«r of gXjPoogoa Inelttslofui fartl@r diiof«e9«d ^^ ^ 
mm mUm^ in a fov Pas, Pha^ POi and OHt vlHi iwtpoQt to 
»lt oono«ntrf»tioa« (Ftata XXII, Flf, /* 3 ) , 
At tbSM f'tf^mt tM afff!Ct af '1iff»rettt nititlon* of ?!5T 
If as «oiw ?»mnmifi8«a f?tBfi 1»*f03?ir a^ a Hf "Imtlt ^ identify 
In %&m Wn^ '"'in^ M41 em T»lg« "^swell? tii® yaf^l^ ? or 3 
i^elisf!lan« in tn€h c^H ^re ^3?tiiant CPlnt© '^ '<CTI, "tfifjU^J, 
At t*tl8 stef^ of dt^lopaefit, rlysof^ en imsluaiona -war© 
-^tle^d In a mi^ ibtr ©f I1I00I otXls affsctaa bjr ai^ iKimst'iljpBtloia, 
but Id Cri{« tH@s€ im^ualiJds ^poaredl to be bsoteaia Into saalX 
r^anuloK wMeli were spi»@?4 all owr In the sytoplasw (Plate XXII, 
Fl«?« A ^). aowewr, glyooptsi 1I*31«K4O«« %«ef« pmmnt la '^H», 
ft.1, P0» and GSi» 
EUBM. Cli day old)i« 
At tliit ttafo 1iXoo4 Q«ll8 wor« hifrhly d&siafttd and ^lyoofttii 
iaoXtiaioiM voi-o prowot only in m f»v oells oupaoUUy In K>t 
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M 
Ci) S|i^ .ilow«» c^ li<«^ |t«> Kffeet ftf topieal 9!|e>i>lie«ti0ii of 
i!lfl*i«tfit m.lsotix>m iQmOttS^^ 0«CS?^  and 0*0^) of f^radm on 
the fflyeos!:©a aeposltt la tlio *taii»«ft«« of t!» l«rv • of Vtk, 
^th, 6tH inatarsf fii-ftisoiisa ana tmiiwi ^'ollowlns th® aiiplioatlon 
on f^ 3r^ 1 Inttsr tartn® (2V *-if oM) «ai statJled* t&tvm of 
t«ie sif!lla|» Eftt twiatea vltH i^ «eetont only (contTol) dia not 
shov atjy «ff@at on t^ © rrlyaot^ en ileposlUon in thmtt haecsoajftti* 
la t*it hmnocft&s of ii>tl5 i m t w foHoi^ i.-ig tijo tj^afeseat 
of ^r^ iastsi? Irts^at fej orc^ <K>fi5@ it^atlort of 'Aimsdtmf tit^m^mn 
ineluilotis 3 ^ ftimiiiXnttens %mf& mmn oil^ la sii!i© Thn^ FOSf 
T^ .ls a?il rawly In oe^mo^toHi Ct^ i.-^ te '''<£» ri"» :: 1)» '^ o^-^© iiirl-
!ftih iiwitiir IfiryMi*^ 
At tlii« 3tum tt» l*i?vs« iffect®4 %rltH %0%^^' f^ opsdaa 
•Iwwod flyoog«ii Ifieltifions and grf^iwlstioii la Pla^ ^ s , PL» and 
Olt, t^ N»iiih foifoi" la mustier a« tsoiwoafo^  to t*iat of !ioi?«ftl ani 
eoatvol Xa^ pvot* FaH^rt 0»Q!>^ nm %r»ll at O.O^. Faira^ aii 
oonooatftttSoos owieod imm daaaio la tli« ntnenooj^ tot aaA glyoofoa 
dopoflilAa vftt aooa la less amiber of eoXXt CPlat@ KXI, Fig* B 2)« 
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Tl» fi««wi«rt«i of tixt tmnrm of thl i «%a^ « affaetea l^ 
%1m afipXloft^on of diffttant aSMtiam of Furadan bad tio f lot 
gwumlMB of I^foof^ fta* Howofoff 9nXf m fov g I^yoof^ n iaolitiSo^ 
%mv9 found l!i soiat Pat, PU, POi arid OSa (Plato x a , ^ig» li 3)« 
l a tliia stag© t ^ ttueiaoeyto* tifftcted wltli 0»O1E5/« 
Fayp^an sH«si«i4 very fov frditt aolo^ii«d t»iyo<>g>ta tnohmianm in 
B few PHif K|« rsi%5 'Jrs« litit th® tff^st «f 9«t325' ^%r»i"n %ra« 
fH«, T^ Ls finl ??5s» .If O.t^" :?iii?!^ nB ©tfly o»*s f a l i t c^ Xcwroa 
ajtf«»f«it i^l'isflois WPS fanal in ftilf fe?» 0^® Sn t*s? ii'^ 'mr'jp 
1^ HK»?BO yt«« of tHi® stafO 1M not »*iaw any '*lysog«ii 
inolttsio?! ( n a t o Xtl, ripr, } 5 ) . 
fliBO %fm 3rd intti^r Xarvao topiordXjr treatod wltii dlfforoot 
oeooootrotlOBo of Foradan, af tor laoaXHng to s^a^socpont atfieoo 
hoi h«o«B07toa vitli byolGtn glyoogefi looliiaiooo i;ito KsoUlor 
pioooo Of nmXX »M graditol dooreaoo in jfljfoogen 4iopooitioa« 
( i i ) ifff**f****t <^-fc»M»ff*» Tlio of foot of toi»io«l i9»pIioatlo« of 
diffofont dillMtioot (O.tly 0*2^ ftod O*-^) of i^^adaii vat lO^ oe 
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Vtli» f t t i f i t n ifuitair lmtm»f pmm^m mA pupa* foUetflag %m 
i9»pXiiimtl4>ti dn 3x^ las tar Xartat <^ t t i ig ip««i«a# 
fD8 pfQcaMm o f tlio apfULoftl^ii was Wm sm» wm mkfptM 
i n &mm nf £ • j^iHtimA* Slrt l i i i * a^no al^Oy a^Mtant h«l m of fset 
tm tHt !iB<!«ic^tc*s af t ^ s if i»ts#t ttiew vat m rtTsofwi 
inel'atiofi « f t«r f l i t ^tsliefntltitt nf ^i^ftirawit ^l lnt lo^js ?5f ^virw&mm 
fS^eogta ia^aalopff ^mw p r ts to t i n d l f f la tc i^ni t i% Ktsi R>f, Pl»s, 
Qft« ana r«mi.|r i n 0l8« I t tMa i t i f e ^Xf^m^n ia@Iiiaioiw 
tipp«af«d I0 !)• ^rol»i i in to ima l l t r |iii>o»i (Plata %iai« Fif«« 
3 1 ^ 3 ) Mifl g^r««d a l l &mr ^m Qyt&pXmm of iSm e«31» 
At t l i lo f tafp Hio aff® ."te^ s<iil« l>eeaa» ^ f l i l y Tuonolato^t 
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A» notod «arll«r thurt ver® a fev e»ll9 tsreimint In tht 
only lift nm ur fht^^ TOs> Fl<is aiil Oilt ( f l a ^ x-<IT, i^ -lpt B ^ ) , 
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of t«»e*siil<ssdb DOT on th& eosint of (?lycsois?iin a«po«it» in t*i@ 
'ia®siQe3ft#s s»f ^tHf 5tfe r'^ nft 6l^ i?»tt&p Innratf pr^ pupo® aisd 
piftat 0f ^ %^!]L|qBi0. Wis atnfiiftd follovling th« topical applies* 
titf^ '^ lyeQ^^ m dtposlts $mt tii« mm^ tm saoptid In aas# of mtmeX 
enaatsS lit rar^ma for ^"fi^  aUsitioii* 
*'!^'i t!Mi tx^ated 3iP«i instar lanrae uicitilted to ^th inst«r 
ami bueefst Ml ^ old. I t «it» mtia®d t^at fm asjoarlty of Itaeoo-
eyt@« iM fiot Ha"^  aay j^ ly«rogen ^«|ia!ilt» fttpth@r, Ih© ^XIM with 
QTii iielttsiof! %«wp« mt-m in iwj^ iejp than t ^ t « l^airliif motm ^ « i 
9119 lti(sl\ision8« tfm aaxlERm i«i«b«r of gl^ roogeo InQXutloiw la 
Itie H«4i«ioo|rt«s of ntf9Qt§& Xnrfm x«dtt«NHl froci S to 2« 
IT tfw rioxt IfWtiup (5th Irwtar) alto ths haonooftot 
vith one filyeoKOti InolaKlofi wtro ^f^^onloant oior tht ooXlt 
oontftlnliKi t^m glfoogon Ifiolnolom anA floo gvoimlatloo* Xa 
tho 6th Ins tar larv^Of tht fX^oos'on doiKialts nwfo i^tont wlHi 
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f««^«t to G«a< DDT* Bat in tiw hasiiocjrtet iiff^et»i «itli 0*3^ 
OBf y o*3.1t witli flnt imf»lfttloii wty» IMII« ia mus^r thnm thm 
mtXt \ft%h ont fflyeotvn ioelxitloii* 7h» «fftet of 0»^ ^ DDT 
i^li^fioite to im pmmmt or otily o^i glfo^$m iseliiiSon in o 
fov ootli* In tlM affooted pr«fnt|>aey cmXls irith fino p»tj»tl»» 
tion ^f« ao8iplietel^ Xaoklni^  m^ tht otlXs with ofit inoluoion 
vero oolf fwiM by 0#2.v JDT %r!ill« '-/ith ^ ^ « o t to liigher 
ooaoentraliofit of .i>^ f § mi ilya»gtn Sopooltfl wtr© fo«fi4» 
SJsillaj%^ In tli€ pii^ Mt affsct©* with 0*a,i mt siril^  oiNi 
i»ti5ltisSi»a iti only am Ofell uf i*io eritirt wmtir ^^m loeatod tiitt 
^lymmn "-^ s oawlttalf s€i«!it in tlit ^iw-»eft©» of pi»M 
fif-ffotei vitli l^ifT^ rr «».ioe!itmtto^s of I3;X? Cf Rblii 12) • 
The fMiro«!tt.art of ftyt^^en etiitalnlnfr Ha»ia9«iytiss 
Ci?tfoof«n Indox) of t^ m affto^a t^ tlt ln«tai» !*#¥•••# vat lowor 
tHon tfiat of ths noreal *i'tli Inatay larva© • T*tii*tf»er» s« oosipapodl 
to thB eontf^l t!io ffljroofren ioiox of the Haoooof tos doo3.1no4 
graattoUy in tim affeotod larrao of lioth 5ttt i^ fid 6 ^ Ifsttam* 
Tltio iaiox was loro in the pfopipae and t ^ pupao affoetod vitti 
iMtH 0*3^ ftod 0*i(^  DOT* Tt» dota am givon in Xoblo 13 and 
rof»fOioiitoi in Figuiw $)• 
Xo ttio affoetod ^^ th inttar XarraOf tht glyoogan indos of 
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vntt \m» Hi^har thoa tnat of ths mmel at 0.:^ DDT bat It 
!i0««B« I«Mi Ptm half of tha mrmvl bj 0*3,' axA Q^ ooii6«atr»» 
tlong* 7%M |Ni2'«a2it«gt of ^'l»9 and H)i va« alwaara Ixnmw titan 
that of tut roapaetlf* aosaal va3;iiot« Tht glyoogao iadax of 
01« vaa hl^htp l^an that of t!» aoraal &t 0.2!* BM 0«3^ (»ao«ii-> 
tratlona wM booaraa «o»a at Q*^i Diit» 
l5j tm 51^ ifistsr lar»»t «3rf®ot»?l vit^ 0»2^ ' and 0.3-
BMf imvmntn$% of glycogen eontalning FRi irsa loirar t^aii 
that of t ^ wrr^t Iwt tmemm atiioat fiottfele at %3^ ~ tsomn itra-
tiott» w^t«Hj t*i@ tjorostta^ of «tyeo*^t oontatnlnif ?!» •beo^ aa 
ttry Ion s» conp?t»^ to lornal* TUs «?l^ ««i«^ ©!i !?»!«« of T^ a ^tm 
nlmut mnU^X^U ^ both '\2'' %^ fltV? '»ot, '%.^ sip*», i t 
artTOfilia^  ic»^ >*ly '^ sir-wl at (UJ^' aoicseiti^tlo!i» In e^ a^t of 
af ^ tst«« 0S«, r-^ ijereorttEga M-^R lowar t^ an t'mt of Vim aoraai 
at QmZ^ mA boca-* tt$% at 0«3?^ » J^ tt i t wsa iaof« than aoablo 
by f)mh% Mf» 
In affaetad 6 ^ ioatar Xarvisftf thara va2«i no glj^ oogaa 
dapoaitioft at OmZi DDf• But at Qmj^ thB poiroanta^a of glyeegan 
oontalttlng PHa BQ& PUm vaa faapaotlYaljr highar t^ an that of HM 
aoBsal* tha affaot of Q»H DOT radooad tha paroantaga of Pm 
to sofo l«?a2. and that of F&a vaa alaoat all* HovoYOPt ttm 
Varoaotago of OSa raiaaload iiU bgr all oonoantratiena of tSfS* 
In tlia prapopaaf flyeotan da|>o«ltlofi vaa oroMint only 
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vlita ti«ft^a with 0*2^ um bat ttit glfooi^n Itnlftx vat {MgligIKL« 
in PRt w)d l*Ot ifliif«a« i t vftf s«fO in eaM of PLg and 01t« 
Thawi va« no glyeogon d«po«ition aftor tJio applieation of 
jdgmr mrnmntrtUfsiiBsm of t>i)f on jr^ iTivtnr ivpwm* 
Sfjt»8«qttotitly« in titt iiwaef ^ns to the toxie tffoot of 
I59ti t!i® sHslls a« w«13l as r^ lyjsottea duf^osits w«ro isatroared 
9xa®t5t la a f%u WB i^ ile% !IES4 nasfliijifel^ p^retnta^ of 
•3«f>08its as ceapaytd to -lorml. vMl« fey higher ooisooQtra&ioni 
^Ifmnsn icti^ g^ !3«i«a« mv&» 
T i b l * 12* Oi»tfi%(Btl4Ki ptkttam of glfoomn deponits In tfm HaaaoojftBt of grllinniiill « ^ K « " * 
fdXlawini «ho t^ltemti$am of IS)? on 3M tmtmt Imewm i2% Ian* ol i>* 
— • • » — • m i l l - nil i> » n i iiii mmuxmmu, miriimim iw ii iiminn n ir i ii,» i n M n ii»i nim i l t i W M M W i M M M i M M w i M — w — 
y „ - ^ , - , Cottfttwn. maibmw of Itefi^ar of dirfnrtmt e«lls 9tmn%t§B 9t 9MM 
AiMiuB tvot io i i la^laoiMHi ^lOKlng iae33»8ioiai oo«ftai«iflC • • • * • • > • 
Fa« PI.9 fOo 0%p * ^ •^ iao lao loa* 
h^ Q^ i 6 1 7 1 51 
2 1 1 3 0 6 , 
(HraaaAtoA 3 3 ^ 0 M * ; 
l o t o t - Oiit o f 105 Tva&om ooHo obiorvod ^ e o g e a a o p o s l ^ ifOfo psoMtit l a 29 oo l lo oailjr* 
' — — » — — — — III! •" n III III III III I I I I ! — — — — » — « — I II 111111111 I i—imwn iiiuiiiiTHiii iiiiimi iiiiwiii iimia iii»i i mm i •M«M»i»««wM^»i»««M«M«B»MWBiw»»MaMMM«B«w«MIBiiMIW 
0«3^ 1 1 2 2 0 «^00 
2 0 0 0 1 tOUdO 
oti^iotta 0 3 1 0 MiwQo 
Oat of 11% toiHoM ooXU ofeooTfod gk^to&n #m»olto 11010 pioaoot io 10 ooXUi onOf < 
o»*«^  _ _^ . 0 ¥ 3 0 2 » 2 f 
vO«QO 2 9 5 0 
• 1 0 0 0 0 QuM 
Ovw • 2 0 0 1 0 ^ 1 7 
Oot Of 117 nanioi ovlXs <i»»nod glf ooipii aofiasite 0010 ^foooot la 2^ oOlo mm;fm 
51te 0 ^ 1 i» 0 1 1 M ^ 
2 0 1 0 0 11«t1 
ehrenlatNt 1 1 0 0 22«^ 
lotoi« Oot of 126 rma&m eells e^oerfed glirsoges Ooposl^ ^ j e pfoooQt la 9 oolto ooily* 
0.3^ 1 6 7 IV 0 81.82 
2 1 1 2 0 12.12 
OrsaolatoA 0 1 1 0 6*0^ 
* <Ni% ^ 11% rairtio ooUo ofcotgfod glyeogeo teposito iioso psoaoot i a 3$ oottA • • i y 
• ^ • • • • • • • • • • l « » I M M » « « W W W » « * l « l l » I W W a M M « » l ^ ^ I II I II IT III IM I 1 1 III I I l l • l l l l l i » » T | , 
0Jt4 1 1 2 2 1 S5.70 
2 0 0 0 0 0»00 
OfWBlotMl 0 1 0 0 IW3O 
lo to i * Ottt of 117 roofloa oolla obtorvod i^ aroogsa Soposlts voio pioorat i a 7 oollo oiOy. 
« — i — • ' I'l-ii • I» > i i in i iw M i i i i i i i i m • m i l I I I I I 11 I ni l . I II I |i I Mil 
<(fh 0.2;! So glfoogoa Aopoolto wtfo fooad ia aoy o^Ul 
' I • I ' • II ••• • I • « • ! II •lllwmillllMI l l j I H 1 IIHII 
2 2 0 0 0 8,%| 
QiwnUtia 5 7 1 0 ^M 
l ibtot* Ont <^ 101 r«i3oa o»lXo o^oorted glyoogea aopo^to noio p fOMat to 2V ooUo ooiy* 
O.NC 1 1 0 1 1 0 100.0 
HitH> Oat 1 ^ 100 r9ta^tm ooUo otowrtod glyeoiOfi ioposita vove proas tit la P: mXkm ooiir* 
<MMMHaaHHHaaMnaaiMM«iM«iMiHWMinMMaiMMaaan«M«aaMaaM^ 
0.23C 1 1 0 6 0 » . 5 
2 0 0 1 0 12.5 
aotot^ Oot of 100 rmaltam osUo obstnod i^lyoo^a doposlts voio pvootat i a 9 oolla oilly. 
2 ^ ^ Mo gl^ o^Eoa aopooito ifOfo foaaft i a our oiUi 
fwao 0 . ^ 1 1 0 0 1 0 100*0 
S i f " ^ l i t a i * Oat ^ 38 ivaioa oolla ^oervod glyoogea dopooits ooio p«o«Mt i a 1 oaU. o t i^ * 
• i f P M M H M i a M M M B a M n M n p M a a M O T a n . 
! * 2 ^ ^ * illfcoseB doposito nexo fooai ia aqgr otil.* 0.M 
FHo « Piohataoayt80| H»o • Plmia&toe^teoi ?Oo • l^o^oortoof 
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i t was dofw tn g* Ml^iJLSBUk* 
«jyt«g with on« ^ly«og«n Ifielniioii yetialntd litat %Hnt of control 
¥it}i 3r«»!st?!t te all. ii8ft<!««trntli»ti« sf DOT* ^nwf^rt Pn ^^.m$mm 
mt^h&T of f?lfflfoifan ificluiiitiiis d«j«p9d fjun 7 t» JJHI 
In tfm svihm n^nt Imt^tn nlm^ ttm titih^Mn mrttnttAtm 
©ellt «^» rmvB %n mmht»T Vmn Vmmf of '^m t'^ r^ 't i^xs flyi3<5«!»?i 
lnelttiri<»n oontBlntaw oell«» In t*is tsiwiwftet affcetiA with 
O.ff afid 9t^ "'' i)l>t, gljfoog«n in^slusiotii «i«p@ broliiu Inta flat 
graitulet* Slzslliur pattern voa tMS in tlm pupae ^f^ot«d with 
teajjiiiiaaai (BtTiiBlfiii) ftf nmittftti «££• aiJtea fttXlmflmr 
lit litaifil affrtlwillBfi tf WftftBl ttiaitiilritlBM §t im* 
FoUoviag tti» ippHsatloti of dlfforotit oooooiitrfttioiig 
9f DDT la am ftfftettd ^th and 5th iiiatar l«nratf p«nMiit«tt 
of i^ ljroogon ooTitalalag h«aa»ortoa (slyoofoa ladios) iharpl^ r 
iSr^pod vlth yoiiMiot to o«2!C m>f • la tho 6th lattar larvao 
affootod tilth Oft 09c DDT I iMa indas waa irafy law* HQwavart 
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i t vM taM»wt lUai thmt of ootitfol liiMett wltii f««!>««t to 0»D( 
ftiid 0«2iS DDf • Zfi %m pwpapm vnA tlM pttpm$ IMt iaA«x va* 
!iig)i»r at aoHip^ «r»d to th&t of ttio neiiiio3. hf aai ooootittr&tlofii* 
tm da^ «i« ftfOfi la felilo 15 SUA rtpfOMOtod la ftmv 6* 
In tlio Ifrtf! Initar tfsrtm affceted %ntli O^ Of^  and O^V 
tii3?f 1^© i>«feontago of ^lyaotsn mntmintm '^M inewasefl »i 
t^mpmm&i ta tha.t tif t^ ft ?iQrnal» mt i t t>»§iB?i« l / l fS of tlio 
•mrmml Irm^ntn at Q^t DOT# Ti» |i8jtii»atagt of -^Xyeosjert ooitaii* 
i.n% f%n tmnmm slSgfitlf Hlsf*mi» t^ iaji t*iat of t!^ t^ rntal Xmtam 
at ^tOft mf0. O.I'l «oiistntoatlona» 'Jut t ^ application of 0,2^ 
siiS rtaui^ t?® f}trfflintr.g# to r.^0 Xtntl* tm c^ yooE a^ itidtx 
of IPOs mm Mft^r t^ im t'mt of Hw fuwaX Igufva® bootasytso of %im 
dajna^ t isf *ioit of Wm m'iXu m& Pm jajori^ of the sunrivii^ 
eella aortt^nta glycogen a^>ciiitititt« th» gl^oogen indtx of 0B« 
iNieaiao tofif at 0 * ^ and 0*2'"" !mt at 3*1^ i t appsftntXy inoveatwl 
aod t>09«i« aX^ Kiat do^blt to titst of ^m mvaml ImrtmB 
In th® »?tft iftstar tiff#otod lartBOf th» ^IfQOgen indiox of 
FRi awpiJOd to 9bm% t/3f^ of tl^ at of Pm neyaal lirvao and ?!*• 
bo««BO fdaoot nil* Foretfitago of pflyoof^ efi oontainini H>8 
iaofOMMi vit!i foi|>oot to tht api^liofttlon of D.Of^  and 0«l€ 
089 tnt afo|>pod bsr 0«2< • Aithoofli tfio i»tro«fita«« of 0R« iaov«ai«d 
•fiorcsotitlr at 0.09c and 0»t^ Dot ^ t i t t$«ow9o Wfo at 0.2^ DDT. 
In tha 6th iostar affaotad Xartnaf tht glyaoiaa iaftax 
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Of FlUi anA Pt»B tmm$.mA tOiMift fill tltot tliftt of tli« mtmtX 
Isrtttt* At eeopioraA to tf)l«| i t was tamr in l^f ot 0»0«^ Mii 
1«0jf. Hoiitt«r« i t ifioz*cifiMd alifhtly at 0#t<, T% tMiroontago 
of ilfeeg^n eontaining QEa daoroaMd at 0*0^ stia 0«1€ I'lOf liot 
IntxmmuA at o»2l DOf • 
Xtt tfii sfftotod t^f®|j«pa«t the ptrei stage of ^Xym-zen 
eontaitiitig Pit# inewirjMia at 0,O5;i and I3»1i ©lit %» oMi^ ar®^ to 
ttmt of Hit mm^ insults ' ^ t tiiteajni itil. at Q*2/i mm^ntvatSauM 
tfm ftly^ifsn iti3ex «f riis waa 2«ro lagr a i l «iiic«atrrtti<siw. fl» 
??lff»il#ii It^ QX ©f n)s rt*iaii»a Iwr at 0,0^^ afid a»i;5 i3i)S but 
i?is»essea silj3?ii|!fl^  a t 0»a.' :Mt» TM percentage nt glycsa^w 
^semtsxitiln^ f*Hi %fae atwisys *ti^ ?sf» tiitit that of tH© noynal. In 
Pitt •nOT«f t%» fsi^aeatfii:^ of FHs fs.fS. Pi:.» ^nc '^flt i H as these 
otlXs t^ 3f«i rJ€it*oy®a ^ia»l©t©ly» T*it irlf©o^ii S?idox of ro» 
"boeaigo Irlit^erf buomiit oalf a fmt 1*01 iiti«® Imft at this atago 
eontalitinir f^ lyoogen l*ieli«ioBg# Thjj nlfmicisn Indtx of GHi wa« 
»iai?llftll5l« at 0»0^ Imt sBBpatuntly enMaoai at 0#1'* and again 
aoofoaeod at 0*2^ DDT* 
fante fi^ Sis^itaitioa pfttttfn of gXyaogea 4»p98tta in the hmaamc^tms of &• illBCB foll««iBi 
tf» 8p9(li««tioa of WT oa 3xd Instar Inrtw^ i2h itrs olil) • 
Xaftte*« Q»a»wi HMto«r irf ifeaiser of • i^f**f»«nt s s t l t ?3reoata^ of o»ll« 
Aiwwrs trotioo iBelaolm» #ioyi?tg inet^sjging eontaiaiflg ro«pooti«« 
• • • aatfber of ifielitiioM 
Pa« PLm mm GEO 
l^«i (UOqH 1 h n 9 ^ 90.0 
2 0 0 1 0 
3 0 0 0 S l-J 
l o t i t - Out o f 116 rmaSom e e l l j i ot>i^gi»dl» glycKJg^n i ;e l«»lons were preaent l o ^0 o e l l o o a l f 
^mim^mimtmmiammmmmmmmmmmmmm^mmmmmmmmmmmammmmmmmmmimmmmmmmmmmmmmm II ,m I t m • i m niiriii . •i.n»»iiiini. m i m . i i ir II«>»««MMW ii iiilii iii i — « — — r — w — i i j f c t 
o.io« 1 8 2 13 11 n ^ 
2 3 2 2 1 l l « 6 0 
3 0 0 0 1 2^32 
» o f t* Oat or f05 yoafl— o»ll» o l w r » d , gtlyeogoo lfiel«g|oag wefo pgoioat l a 1^ 3 mVLB oailf 
"•»* I I E ? S 5:8 
Votat* Oat of 112 matai ooUo obiorvod, gXyeosoa laeS^siMo voro proooet i a t» otHIa Mif 
5tli 0*091 t 0 1 20 1 m,M» 
2 0 0 3 0 t l . f l 
0 0 0 1 3»70 
0 0 1 0 3,70 
l o t a i ^ Oat o f 100 goatea e o l l a t/bmrm^^ seXyoogea Ine lao loaa «»x« p r o s e a t l a 27 oo21.a wtty 
o,ic^ 1 1 0 s 5 n*n 
2 0 0 3 1 22,22 
Biot»t- Oat of 112 randoti oollo o^»$rir@a, ,-:ly f^^ ??i l^sslasiaiss «ei^ pr©Miat l a 1S s o i l s oaily 
P 1 0 0 0 igl^if 



















•Mot- Oat ^ 1 1 0 ra^Qo « i l l 8 G^imermdf gl^roigsa ifialusioi^ «iere proooat l a 11 oaXIa oalf 
O.IC^ 1 0 0 20 5 92»f? 
2 0 0 2 0 7M 
S i t o f * Oat o f 101 rma&oa e o U a obosrfod, glyoog^a i i K O a i ^ a s Mora proooat Hi 27 o ^ X a oiAf 
3 0 0 0 0 0«00 
h 0 0 0 1 3.33 
Batat* Oat of 110 yaates ooXls <MMonad« gXysegoa loolatioao uoio proioat ta 30 ooXXa MO T^ 
^ ^ 2 0 0 0 2 hAf 
3 0 0 1 ? 6 , ^ 
ilottt- Oat of 101 f-aaSoa ooXXs ^Mrtod, ^Xyso^fi trteluBiotm vore protool ia t^ 3 otUa mM^ 
• • II . I . I I . I I I . I I . . . I . I . . . I . . I .1 •» . 1 1 >« « •1.11 Ill I 'ir M l • • •H I min i • • • • i i « iii i l i il l il l ' i i 
0.10C 1 1 0 16 10 SkM 
2 0 0 1 2 6»1 
3 0 0 1 2 6.] 
6«ai»Xatikl 0 0 0 11 2 }4 
Ofoa • 1 0 0 Q 3 , ^•^ 
l ^ t » i « Oat o f 102 vftadoa eeXlo ofcs^rTed, g l f ^ s @ a IneXttsioas ao ia i ^ a a M t l a ti7 mUm a iOf 
_ _ _ ^ I I I • • • - I m i l I l l I I f i i n i i i i i i r n • " • m i I T - T — r irHI '-r-n 
0,2058 1 9 ? ^ ^^ ^ • g 
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M 
^ 1 * Qbliqaa, foUoviUff tht apji(U««Utfi of furaAcai 
> w i ! l i H i i u i i i ' ^ ? ^ ^ ^ i — > r"iiin-iiiiinrir'i~ 1 \ "—"nTr"" "" 
TlM «rf«<tt 9t aiff«ff«iit dilutions (0*012$^» 0,QSt^ audi 
0«0^) of Fandati CF) on tim mmnt of fia«sioo3Ftoii aontaialng 
nlfmmn %n tfm hthf 5th, 6t!» Inttar InrtaOf tiro|ftt|i«« nM 
ptxp^M ^a« st«aieft tn %^ sass© Kmy as d®»oril»d ^ayti#f lit 
oaio of 0l?f • 
I n tht affeoti i J+tti ana ^th lostar l-^ wr^ urf iho ooairfc 
of i^ l:fsoi?»n ^atmifiiii^ %si&B»0f t®» %»l^ fine r.TnimXniAjan VSB 
nice t^^t of mntt^ itM«ots« %it t^ '^ t ""isidmif?! iwafety of 
ntf&Qmn Inalniiont in t*m hmrmtift^n v^^ne^d fyoa *! to 5 la 
a l l t ^ sf f*®etod ir tst^s. l i fNs 6th Inataqp Itirtm saa m^i^upwi, 
^9 h««ao<syt«f sHjntaifilnfr one liolu8io?i wore taofo io r»i9l»r 
thon t1» oello vdtij tXm nrnmXmw* ^ 4^r»a» in tfis popiio, thofo 
ifOf« oo glytsogon doposite la angr ooll &f mf eooo@nljr&tioii 
itttolM 16}• 
glyflfttjB l a m (wirwiiitftfft) nf tMMWMmylti tif s,» aiaUaui 
fttllatflnf im ittBlflia imallttttaa af (ilttwma^ mmmuUfMam 
mmn diffofoot Qoaoootratiofii of FuroAito W voro topiooUjr 
^^l iod on tiw 3fd i o t t w iMTfoo of £• iMiflNAi ^ ^ i»«re«ot«i« 
VAS M(luoo(S $BSA ttootflo mify 
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i?i8iiinlfl««it in tlii ^wpeei^m andl fttrHttx* im&mm iMifo in thm 
impM t^ a l l oo»cHi«trfttliBf« tfw diiLtai «*• ^ i ^ a in Taibl« 17* 
ttnd fiei»7«t«tftt»d in 'PiRiit# 7* 
In isw »jffe©t«« JftJi l)^itaif Ifsrfnt, t ^ i>eit»ntig» of 
f^ lye«ili«}rt oontalnlng ^H« spp^ mfpft t© t>« ?il«?»t®3P ms o««fsaf<iS to 
t*tat ©f tti@ nortal X&r^m vltJi aH ^aeantratiQ-nt of r*, bim^uw 
of t'le miiptiT?a3. of les®®i» ifia«i«?y of vm* In Vhm i t mm trntrnf 
thm that of tfm 'mTx€l iagsats a t 0,G12^ ar*l O.Ci^ ,, ; ' , but 
sll,it*it3.y ?slr»i»3f tit 0»tJaf^ * / • X!ii« iiidw in l^ os yas lisntr tima 
th i t of t»i« nijnrX i^^vat sfftet^d ^ I^tH Q*0121'. sad 0»%5,. 
cii!«tntipit1to!i« tiL'.t lieftmwd sllg'^.tl^ a t 0.05.' ,/» ttm tjtjpceti* 
ti?g@ of ^^ I5E mataiaias .-^ ijcss-^ ea tfiis tav i^^ ra ?jlr>^ i':i* i a sffasfeS 
illiQ@tS# 
In t ^ fift&Qt^iX $th intt-^jf tji"eirfi»» t i t ^IjmK^n S^iex af 
l*H» %mt sl .^.iir« ftif^ @r ??» a«»ap»wd to t^at of tf» HOI^BI lar tJ^ 
t)®oaiiiO ©my n fsw t^ -ls vmmlm^ tjn^ «5fi*i^ a end %ilde1t *iaft **tyeo«on 
fl«iwnitlon# f}m <^ lff!0«!«ii irsStx of '^l.s ^wwt^mm^ %d.P\ mmBct to 
O^ OISfC ani 0 .0^ ^ , Isit «pT>ajpontlf inofoited at D»0?»5^  ^« ?5ii©it 
indox of 1^0 wao Mf*i«T «t 0«Ots«^ Isat iitesiii alaoft * ^ f of that 
of tfi» nomal lafirao mt 0,0^!^ ani 0,0f? « io%«ir@rf the i>«?ot»» 
tagt of ost oontalninic frlyooir«n h&emm Wfy ^s'ti in iff#otoi 
insoots a« f»3iir»are4 to that of tlio noymal laeomiao of obviooa 
fmrviYal of a fen aello wHlefi c^ntalnod Klyeogeit doposition* 
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In Wm 6 ^ ifittsr larfaft« tfis i>0]*e«iitag« of gl^oogcn 
Qontftiiiiiiii PR9 \M9mm hlg^r &t ooiipamd to that of tHo mtmtA, 
boossso oott of tlio e»lX« ^mte dioiagod duo to %^ toxio offeot 
i f tftls ioototioilo aadH tm ronudniag eollt twd gljroogoa dofMl^ 
tion in tiwm* Tlw ^lyoogon Indole of PLs dropiMidL &t 0*0125^ F, 
Imt boo«M hl^li«r at 0«Qi2t(!^  f • itomnrort ^^ vo^aioed iiXiaost 
!XiX%ia2. at Q^Ofl r» -^^ 'fiirtai t ^ pox f^ittitage of rl^ roogon oontalo* 
ifig 1^1 ifi afffiotoA insoots a e^s^ iasod as tsasp^^e^ to th&t of 
%fm 'iDz^alt Dorbipi teeauiMi of tite d^etsnollott of %ly&im^ 
aenoftltlon* TUi tsureeatagQ of r^ymmn soataialng 0% lj«ets!3i 
ioir at 0«tS12^ ? | «»© St "•Ca t^ tmt bieaae hif*^ . at O,©*?** a« 
X*t t*i© affi^0tf5 '^rmmnrntt ''%fm^?'n ±r^^^x sf ^Hs 'irewiJed 
aliyiutly s«(! b»fi»Mi jttwi at 0,C55i^  '-% I t 'ii^ lie -In© to t*!t 
atatipttetio^ of I^TSOTOU rlenotitloa at i?9l!t« 5&»^ »0i?©t»# ti« 
l>©roenta^ « of flyeorta csontalnla^ FX.s va« s^ro at alt sonoon* 
trations cif '** Tfiis Inaox of POs aim) aroppa^ fjpaa that of tho 
DOi^ al sad t$w peroaitaga of OSt baei^ Ba aero* thoi« vaa ao 
ilyoogon deposition fonnd in tlw liasiaooytat of tist p>i^ ao« 
iMiluvi i f t i B a imltnimtm 
6 
3 
i l i lM« Ott% «r toe rmaOtm • • U s < 
OvO^ H 1 
2 
imi t t . Ott% of 101 finiUM «^ ]» i 
«aitoar af dtffavMit aaUa P^raaalaia •$ mUMm 













f i a fOa 0 ^ '^^ * * i « * i * « w # 
2 2 0 10«25 
20 ID 1 m»n 
mA edfoamm tfaoa^its %'evm ffmmmt is 39 ealla aiity 
I S ? m 
0 0 2 f ^ 
md nlfommn aapai^ta vata ^faaaat ia 55 aalla atdf 
11 1 0 2 7 , » 
2 0 0 l»«f( 
3 0 0 6 j l 
17 2 2 59.08 
^•4 sl7«98»Q dapaaita vaia pvaaaat i a M^ mXkM mAa 
2 0 2 1 t f I l% 
3 0 0 0 0 Q»M 
C 0 0 0 1 u f i 
Onoi • 1 0 1 0 a ' U ^ 
• i U i * Oat 9t 1 ^ natea o^la ^^mrvd glafO0f9« dapesito fpBim |>»ia»ii% ia 56 aaUa aifty 
0»025St 1 
• a m * Oat ar 101 waiia a^Oa < 
0 
3 
2 3 0 7 . ^ 
^ 3 1 9B#» 
aai slfaagan def>oaita aaia piaaaat im f9 mXim 916^ 
0,09{ 1 1 t 3 0 28*fe 
2 0 0 2 0 ^ J M 
3 0 1 0 0 2«|1 ( 0 0 1 1 hM 
Oyawlatai 3 ^ 0 0 ^ n 
flfaa • I 0 0 0 0 Os^ 
O v « i # 2 0 0 0 1 2^31 
• i t a i * Oat af 115 laaiwi a tUa aHiaafiaa glyaogaa tapealta aata t>««»«t i s H . i a l t e aaa^ 
«« l 0.01291 t 
2 
C^MBlatai 
<Npaa • 1 
Ovaa • t 





% 2 h «S«fO 
0 0 0 0 ^ 
1 0 0 12*f l 
0 1 0 it^fi 
0 0 0 0»00 
0 0 0 4«S5 
aad glya^aa d^aalta imm paaaaat ia H aaiUa anly 
0,02^ 1 0 0 1 0 U t t 
Or«aa.ala« 1 52 0 0 f l^ l f 
Salaf« Oat af 102 raaaaa mtttLn ^»aMnad glyeogao i^aalta i*ara ^raaaot la $i» aii:ia aAy 
3 0 0 0 0 ^OO ( 1 0 0 0 %M 
OfwadLalad 1 1 0 0 ( ^ 
•a la i * Oat a f lOS naiiaa aalXa abaarvai gXyoagaa dai>o^ta tmn pfaaaat ta 3^ m^Xlm m^ 
riapipai 0.0125IS 1 ? 0 0 100«00 
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0*3;() of FuraAftfi ( ) on tm glyoogea ooant w«ui 8tadl«d aa 
aentiotiH above la eawi of S.» JIIUESUI* 
n?h0?i tht treated Jfd inttar larvae aooltei to k^ instiirf 
VImiw ha©i9o«?yt;#s ilA not SIKSW ai^ l^yoof®ti tl©po8itSf bo%?eTrer| in 
til© affaete^ ^ft sua &ttj limtaf' larv»«t fflo«nt of ?Ifeo^n aoitala-
ttm ettlii imii Immv m e^^f^mt&S. to 'mrmtkk l'?i»©ets ani tfw tmiBiNnp 
of i.mtnwiMns of tfit ?jft^ K«jyl0« mdnmi fros 7 to 3 s.^ "^  "f^T 
^mrw^f^ ijesp^utl'ftlj?** TH© neuter o** cells eont-iinliig cmt 
rmpm^ t^m nmsimm ir»i9ijmr of Itiolusloi^ «idiio@d fro« 7 to 2 onl^ 
SUA *li« eownt of ent IttolttJilofi oootalnlafj^  mXls vaa higher than 
tlie o»lls vlth P Imslasloits (fablo 18}« 
glTttaitn inftax CytraBfitiUfirft) nf i^MBftnititM fif ft* l l t o a fiilliiiflng 
Itw MftttMitiitilim (tf ilJbffflitttt flQaiMirttyfltliini af l*ara^itf 
XB tlio affootod Vth lntt«r larvMt tti«r« vat no glyeogon 
dfpMit in ««r «•!! tof ftfly oonomtratloii* Sowovort in tho 5tli 
iag^nr veA Vm 6tli liMtor nffootad larvao ttio hwiioeytos foA 
gXytOiOs d«|»09it« Mm i t s inAox VAS lowor M eoafisd^ to that of 
tHo «»f«iil lii«*8t«« Iff th» pyopupat, affooted vitli 0*K ^^  tUt 
ilyoogoa ixAmi WM iRtifftiifioarit* Bat i t wat hinhor ftt 0«^ Mis 
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0«^ Miii««lvtttl«ii«* III til* pv t^t* alM» tiMi glyooipii inici mm 
aof« «• <iMp«f«tf to that of tlw iiof««l. Iif 9SI ooneoatratlont* 
TIM Qfttft f«ro is^ itofi in Tatolo 19 oiii rtfpvwnUA la Fii!iif« 8« 
In tim «ff»«t«d Wtn inatsr XafToOf ttiofo v«o f» gl^idtvn 
iiettislon* In the *^ th Instar lartaai t*m alyeoiitn Indox of I^ I^  
sllflhtif Mir*«!f» at 0*3?^  !'• SXjreiiftfi IIHIWE of PLt was •lightlf 
M^ h®!" than that of the nowal at 0»ii ma& 0.3^ - ooneant^atliio 
tiQt t»«iea» mT^ at 0»2< P# Glyeosf#n Snda* of PQa waa lofwer 
fhm. t^at fjf t?w mj^pl at D»t'' asil 0»2^ F» On tfit otiior haoA 
It tsctqtffit® 100' at 0»S' i'« i3fe8Biji« Qtily a faw oelXs surtivadi 
vttls^ uXm Imi "lys^gi'H Imslastojia* '^ Eia ftejjioantage of glycogan 
mntninia^, tHw l»©o»aa less tJisJt Half ^f t\m nomal at 0,11. It 
b«i5saie sliulitljr Blghcr than t^tt of tun noraal at 0«2f. bat mt 
0»3<y i t radiioaa to saro* In t!«i affastad ^th inatar larvaOf 
jtlyoofen iodax of PHa v&a ht^&r t^ ian that of tho ooxmal at 
0»1'' P| bot l3oei9» saro at 0«2< sodi 0,3f eonoontrationa* Tlia 
povoantafa of nl^ roogan oontainlni PltO romalntd tavo at all 
oonoontfffiitioiki* dlfooian iofloir of ?0a ^wfwA liifhar fal»o ^an 
tlMit of tiio oofnal larvao at 0«1< F, but i t vaa loaa t^ ian ntXt 
of ^M nftfwai at 0,2^ aoA 0.3'^  ?• Tha i»«v«ontai|o of flfoetwi 
oontalninf §!!• waa liiithar than ttiat of tha wf»al at 0«lf F« 
1»st i t vao fvdoootf to naarlf Half of that of tua nomal at 0«29t 
aaS vaty loir at 0*3^  f • 
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In afftettd pi«9iip«t« I9wi glf o»g«ti ifid«c of PM vtm wmm 
at O l^"" irat beesat fiigli«r t*mii mtmtX mt 0*2^ mn& 0*3^ F« TUt 
f»«^ p«ftfit«(iit of i1^0Oi«ii oofitttiaiiif Ptg vm MV« at 0*t^ «aA O.jC 
wiTia«nty«%icint« Hovw^y, i t WIMI tlii^titXy tilgl»r tit«a thAt of 
tiM mmml a t Cl«?^  f • Tht glyoogefi iadltx of FOi dsvDfMi^  •addtolf 
s t 0«1<« &«mlii I t s!i<y«i«d higlier ir&lm at 0*3^ : F« Ifw ^ljoog«a 
lna®3E i?f nUn um ms9 at 0,1^ tmt I t ww i39r9 than t^iat ©f tiM 
noffsal at O*^* 
In ^ ^ isff0at@d p^^atf tha glfmfmti of ^4s fomalaed 
m^m nt alX eenetri^^tieifii of Fturadaii. Tiw |>«»antag« of ?l»» 
ym® aluost 1«itJl« thiBi tJiat of tfie mmtLi n% %ff- and 0#2"' F# 
afiil nsfyply «q«ftl t«i l!it t»r9»l at ?J*3^  "^ ^ 1f!« ^lycoi«tt Imlex 
of POi and CJIH a!K«f«ft *slRf%r 'VSIOAS of a l l oooeentr'stloiit m 
t a i l * fS« distrf ta^^i i patWra of glyoogfta doposlta in tb» hmm^jf^w ^ &• MIKBI ^flJlawtm 
mm 
of diffomat o^ I« H m o a t i t t • f M S I S 
PBat Wlm IPOs fite flttwMP o f i a « 3 i n M i 
<MBMa«MMMM>M«WW»M«M»M»»MMi»M«>WMl»MMW»>W«W«Wi»«BWMi««»WMIIM»»MM«»»WM^ I Hill HDIIi i 1 II I 1 1 1 — — — • — M « « > i •••MMMi|IMMMW^||l»tMWMMM>MIWiil»«l»— 
Mil I t glytogM taslaolono W9t9 tmktA in i ^ oe!ll at nm eonooatKr^oa* 
2 1 *? 1 ^ l^Wk^ 
3 0 0 0 1 t lZff 
W9/%m^ Oat ^ 1t3 yaai— oatta o^aayfoa, giycojoa iaolaaiMia aoto pfoaat ta f a i i l < »tfy 
O^C* 1 0 Q 3 3 100*00 
l»t»t« Oat of 116 vaaOaa aaUa v^mrm^^ glyeogaa Inelaalaiia vtr t i^raaaot la 6 aalla oailir 
2 0 0 1 0 ^J39 
» Oat a f 1QBI taaJlea a a l l a ^ •ar«a4« glyoogon laelaaioaa aaia i^raaaat l a 11 oa l la aaly 
- - - - ' - ' • • • • ' - -
2 0 0 0 3 f5»i 
>atat* Oat «r 109 raadto* atUa obaarvad, gljreogefi iDeluslons vara prasaat i a 0 miXw aailjr 
Q»2QK 1 Q Q ^ ^ 10Q»00 
a» i iM» n a t 9€ 11$ i^taaoM oalUUi 9G«»r^ ia t i^^%M^$^f» ^m^Msimm wmm pm^tm&% XM %% <Ml]La 9wBka 
,,,,0aHtt,,,,Hi^lg,i,^mimmmmmmmmmmm^mtimimmltmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmt^^ i •i«fcr«r«MMIw»w»»i«»»«w«>«»»«»M»»iiiiM^|»>MiM«w»«wiwMWii«»Mj' 
0«3K^ 1 1 0 a S 1 100.^00 
l»tai-» Oat a f 10? T^is&sm a a t l t ^hmtrm^^ f l y c o ^ a laglaaloiia «afa ageiaat t a ? aa t ta mUf 
QWICK 1 0 0 2 0 100,00 
Matat* Oat of 102 rvaSmt oaHa obaarfad» ppiyeogan Inelqaiotia iwge preiaat i a 2 aaHa mily 
0.20II 1 1 3 to 5 » * | l 
2 0 0 1 2 1343 
•» 
l i tat i * Oat af 100 waAm aalla Obaaypadt glye^ca ifieliialatig iwya pyaaaat la 22 gal3La ortly 
Ow3«2 1 2 0 17 3 93*W 
2 0 0 0 2 6»89 
»atat» Oat a f 1 ^ laa iMi aa l l a abaagfadf ^ o a g e a laelaaiooa aaga pyaaeat i a ^ a a H a a a l f 
0,101 1 0 2 9 >» 10(^00 
B^tat. Oat « f 79 raadaa ealXa ^ a a n a d , glyoogea iaelaaleaa waia ptaaaat i a 1$ a a l l a aiOy 
Q,2QC 1 0 2 6 2 100,00 
Oat a f 50 rwaaa ai^Ha ai iatnaa» glyeogan itieloaiafia aaia niaaaat i a 10 a a l l a o A f 
•«•» 
OwBOir 1 0 3 1$ 0 9l».73 
22 0 0 0 1 ^.27 
l a t a i - Oat a f 80 raa ta i aa l l a c^aarvad, glyeofeti laeltislaiis vara pfasaat i a 19 e^MXm aal|r 
f 1 ^ • yUaaataaytaa 
voa • 9aaa«nrtaa 
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N3900-M9 HllAA ST130 IViOl JO 39ViN30a3d 
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iiBtiflPltgi JUtfiuQi ^1^ SIfittitaBftm «4gfttitB3MiiiH 
mmmtmmimimmmmmtmmmimmmmmu i • — — • • n i i i n w m inmimiiii m tm^mmmummmmmmmmmi 
JhB «ff««l of itP^Jaftlloa of d^fforoat ^aoc C0«5 ugt 
t»0 tig| 2*0 ug, ti^ ftO ug aai 6*0 u^lanra or t^ fOf^ ht) of lu^edysono 
(naturoX i5x»-«ltia^  1i>i«in«)f tHol Can asalosao) a?id 'iakl8tei«ono A 
Cii 'p^t^t&mMymm} yfna atadiod oa irarioaa 'ia«aioeyt©i# 
in} £« lit|l£Ht«> 
lliiiim"iiiiii»ii»»» T>iiriiiiiiii 
»l»««|MMM>«»>(l»W>lli<<»lirilllJUI«ll| iri » llllllU|l||IJIl|l»<lllMI<««ll««IM III 111! I I I — — > « < — « — — « • » — — l « I I M I — 
«>^  £• ?^1-%CTr foilt^fifr 13it in^ntian (fe«dl?ig) sf Al^forent 
iQmn 0f B«>@iid^ 30!]» b^ the ^th instsor l«rvaot 
f)lff«i«7it i&m9 of i^ta eecl:?sof» ii«y» offeptd to t!i» 5**3 
intttr Xart^ (2h ^ QM) of ^« ^^1^^^ to Ingest as dosoribod 
befoM ifi sootioo of siatorlaXt aoil xaot^ iodo* fho dosos voro 
0«5« 1«0f 2«0y if«0 mod ^•Q ug BMoedyaooo^ XaTTa* t>i»n pa^iolo-
gieal ^&(%oa iiofo stiidlod %n tkm haeao^toa of ^tti lootor 
larroo <ti8 Iw o14) &iid taportaat ^ti^oo «upo glvoB boloiri 
f* DMftgo itortod 1^ %tm oDpoaranoo of fsoool^i 
in «io Of toplofli of tuooo Hoonsojrtoi «ffOotod fey 0*5 og doo* 
(Ptolo 1DE2IZ, Fig* A 1)* % Moeod dooof tooooloo iampoaood 
ia oioo| eoll aortiroao stortod riptofdiif aod mtHmit booaat 
ooo«?itfl«» Tho offoot of thivd doM ontwnood vaooolisotlon 
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tn HM ey^Xmam unS altiaAttly oftoif»la«iQ eoat^tttt (Sisofiarfti 
fren ^M ^ awmoftt* of tfit larrM afftottd by 6*0 ixi; dot** 
Plmmm&^t^en^Mm, F a ^ w l o ^ i e f i l ofiai^«« %r«r» l » t « d # f t ! | a t f i» i i |^ 
doM vhieti meA9 th^m mtla Mifhilf Yaooolattd and the 0 1 ^ 
swwibretiB Btarttd nsptaplng (folate XXIXIf Flf« A#15» At 1«0 %ig 
^dw the oytoula»a b«osra« iraiwlatid aid ilscihsr^«id smt of tli» 
a0l.l« Bf '»»0 13^  dg»e nuclei of t^^m 'i^ s^wisytas t>«epai ©OOBIW 
trie uf\d si^ rartte in st8« Cn^t« XKin, Fig» 4 2) . F"urt»*sri 
thesis so?iilltio*i« Mmm tntmrm^ liifter t-i« iipplieati©a of h*Q 
safil SnO uf dost»• 
l^ ggyifisjlgjit* % t:« at^^Iiamtisu @f 0*^ ' tin dose vitei^l^a dot a-
Xc^ Q^ S ia i!^ ef topXa^ (Pl^t* XXfllf Tig. A 1># 'ilstw ^^ aoaolea 
ii©f^ B.B®t in BISS® in t*it 'msmisfftBg 'ets^ ctB'i. %:tth 1»3 ti,*id 
**•© ttr 'Sos^ a a» tftlt as t^ Kiij? cell »*ti3rsi^ rtm^ifta nnd eell« 
!^ «sfsi!9ft lry©i^lsr tn f^me CFlats XXIII, '^tn* .* a)« i^rthert tht 
SEpi^ lleatiein of h^^Q «rr aad i»Q m damn eaati^ ©ewntri© -position 
of tlje moIeu9 and dtitraetSon of tH® fi.tto|!ila»!i# 
(^f»f^yil«.y hnttwwxwrta^t^ Xlf %^tw e « l l 8 daJ3'ipi StfkTtOd hf tlW 
ec l^klioiiitlon of 1*0 ng do8«« v^a traouolftt i«*v9la|Mid io t!i« c^to* 
l^AaOf ooU mmtbrsim ruptumd and 09llf booioaB iivoptlar 
(l^lato tICtll, ?ii^ 9« A l t 2) , TlioM Qonditleni ad^ ranood at 
6«0 tsg doM vhaa imolont shyoak In SIM and booaiio aooontrlo 
in potition with tha daafiruotioa of ^toplaaa* 
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l>o«itl»n Aiift fat €Kinl«fits mm imslnA out* By 1*0 tig <!oMy 
laioM M i l t if«r« ioAltUinpiisluibla* 
SyitatgUl fliri •t^hfltnili ittlllt* H^a IdastU^ of tHeaa eoU« 
waa aif f iett l t «w» at 0»5 iig mm and l a t ^ laiwai !iff«cttd 
%ftt*j liig'tir viowsit i!«s8« mix* imm al§»8t abati^* 
Q^afiftir^^fit Tfiii© sells s^ ifiwtd w » j l l t t l * ami-i'^ t a« em!8»a«9d 
^ ot^ier i»l la« Hjr 0«5 «5 do»«i fev ^ a^iaiy irnsjaQlea dairalDpAd 
its t^^ 5yf.9!5lsiri fsf^  mal^i '«*^ '*,as trntwineXf eeeeittrle* flw 
@ffeet of ItO i^ft r^ i^  a!»C n^ ^Qm^ ^m rnfifiiiseit ^t^guotlsatlof! 
n^ I rw ' j l i a f c t H fai»*tif»8«ig b«#Mii 5.rrw<^ {CTlri» Ct*i«*t*» ""Vtlt^ 
•^ 1«?. ?%• f*)» Tfttt^ st*iii»^es ?*Ki€ualtf i-Ksw^ati «•*! at ^#0 «§ 
a<is» tt^ *!»j?»l«sr «« !^5m«® nltei ^@l!a^ w 5yfe«!5wlaif« tn mm! o©llS| 
"^aanocyte pietufa of th« pi^ piif»a« w^nA ttie inipae of |t* MISttB 
Diff^ranl dkMMa at daaavlbad baforeg nara fad to 6tli iaatar 
larvaa (2h fir old) of £ • ^toya^ Blood aeiaara vata aado vfioo 
tvaatod larva* raa^iad to prmm^ luod pupal atagaa raapo#tl» 
imly* Zaportant pathologloal ohangaa art daiorilMid tjolovt* 
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nf f«eii#l«« in %fm eytoplftim i« mUl mt &mQ%nWi» fosltlon of 
iMt ttitw tfa» » diostareotlof! of isptmlmm CPlate X%III, ^dka 3), 
^^yaatfttiy%fft«> fli@«i oelis f^Pi^  !iltQ» i^ f^ @Ql@i bf mil do^e* 
At 0«^ «»/l3,ipfR fmf^ ^m^smlm Mm^&mA !?» t*^ e:?temlis^ of 
f«ttM 8?^ inaH i i s t i ula»«t»sftei If late '^ i^CUIp ^i^# 3) Mt 
exemt in ifmi^ « ^ wgil « l l s» A® t ^ oofwrityatJoa 1^ ^it 
losei va« iiNsft%d@it tf^ an'^ tloiiMiili of t ^ o^topl^^ke irmoi%l@« 
tftlt&msiKt* At 1*0 isi do^ ^QiX t ^ oells lost tl«iir Moatl^* 
f^gft^^gt Xn tlw Stfi tmUst iajfvatt e£T@ot@ii i f i tb Cl«5 ttg 
of tuoio 4^IIi« TlMiif ooli mm^imm boo«Mi iiwii^or aadt iii 
•OHO ooilo iKt^ ottO WS9 aloe p&9lm& to oeoeotide fooitlon 
Criftto XXXtlf Fig. A 3)« ly f •<! Qf <loi« pwaiopodla l i l» 
liroooifloi vt]« |»fi»d i^ieiitl^  d«irelopod mA m^9 %fm ooHo 
i m ^ l a r * lowiwrf lif 2*0 ng doso mmf tttr^ oiS l i t» nfooossot 
4«iNiloi>od tn tlw ooHs o»a tiooloiit booMo Ijrfogtilor 10 iioil •• 
162 
Wtmtiim (n.at« lOCrn, Ftg• A 5>, ijr if*Q aiii 6«(l ^t <39M/t«rv« 
of ^« melsms tey tSie in^stSaa of 0*^ ug li^edymm/lme^a Qf 
fth lnst» CHlatt ^ m , l^ ig# A 35» tm Xejnm affesled ^Ith 
1,0 wg ^^m <!©li ae^ i^ a^ fie t«3»iiiie iirtfmliir owi luptared at ise^ 
pl«e«8 ¥HiXm isftofplaffii li««i«!it ftiglitly iraaii9lii«di* tin o^li 
3tart«tl ^isinUMimttm ^ t^ #ff«6t of 2*0 uf &mm &BA lfig«»» 
tton of ^^ O ng i08t affeetid iwift of t!i« cwllf i^ieti had m t^awA 
e«ll a«^bra«»f nit«t«itt vitli ^®9UQX9« or fvaipontt* By 6«Q ug 
^ m aoat of Hws* ovllt i#of« doitfoytd in tiw 6t!i liitt«ip larvaot 
ItftYing ofHy a f«v intaot oell«* 
MlBft&UHMnzlUit- ^eUoififit tlw ifitftiw of o«5 tig e^oodyeom/ 
l«rf& of 5181 tmttiff mioXtat of ttmm oeilc t»o«f»i ooototrio 
(Flutt xxxn, rig* A 3) w!»fo«« 1*0 og «i?id s*0 ug doaot oaoMd 
n^tofo of oolX notfbrooe waA oxiioXoiOfi of fst gltiMiloo 
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by 
ftf Qoapmiwa ^ ©ill®? a«31i» By tfm liif««tiof! ©f O.^ mg ^m 
m f«ir @ft«39l<%ftiidir irae^dies iftir«l^i^ ani iiiiei«tt« ^«gMi f»iSiadtd 
in mw® s^lls Ci^la^ U l I I i Fif» j . 3)* At f tCi ug ^m mm 
2*0 sig mm tM mi»t^ ui @f s«ii% 9f ^mm &M.B h&nmm ijetemtm 
wit^ iiii irmm^m s?ii foiati ceil ^«tBrsist ^mm s^wia i^ iofpi-
tioit ®f Oftof^ lsKSn 
t« lit t*» pt:^al »ttf.t t!i9«« etHs %mr® affaett i 
%m %hm^ Xiifit i»fcioets«« @|ipoai«A %ri^ ^'•o tig #oi«« Bf tlw 
i n t i ^ of liliilitr ^ M t enl? & f»w ttnlii <MI«M b« MWti ani 
id*iilifi«d« 
%m i»tidM df 0«5 ^ and 1*0 ag ioMc (fa.att X£IXX| Fig* A 4)« 
Bat li^ Hift ifigofltioa of mgiwr ioMc %!»•• ooUa wif* oo^^ltlti^ 
aostit^Mi CFifttt XXXZXi f ig* A 7 ) * 
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M8ft8llli>* XsrMgaXar prootsMa dtt«X«p«d ttom tm nqptiif«A 
ot l i flt^HPtm f^Uowing >^ lte inta^ tf 0*5 uf aal 1*0 ng d»«t« 
ifiMfm xxzHi Fig* A 6)« At 2.0 ttff d9M Us* mtHmt vmm 
irattoolafttd MK! •o«««ifttMi31y ff«gnial«d tPlat* IPP^, Fig* A 7)« 
W!iil« vltii d i f^r dojMiB t^M wXXm y%v» 0QapX#to3gr <tMHig»a« 
Y^itfflOTtiraf Rafl,.,iromffili anXlg*'* ?Hes« onlls «^fe mt faana in 
irgmalw, tonaRgMa*** 'S?!^ !^ ^ c*?!!* lit tha vmwX stnm w«Te 
liiwlTig only lra«i«ssil0ns of n Tm mt Vimm 
|Jt^ »^ fMii^ t>iiytf^ «> At p^al stapr t^a» eNi3Xs t^Mi Mgtily 
•ff«et«<! oftfi irittt 0*5 ug dose irtiett tiiiir ot l l memWrn ym 
Biptiifwd aiiA fat glolnilaa dlaohstrgod out (Plata X^II« 
Figa* A 6 A 7>« 
jJUUBflXJMIlf* tliaaa aaXla wafa Xaaat affaatatf )3f tha IntaHa 
«f 0«5 tig 9mm» farttiav t^ oaa wava tha aniLy Inteot aaXla at 
tt«» iMtpiS. ataga i^fiatad id.lli tha wtahaat doaa* wii^ i t«0 «g 
doaat ofltLy tfiair aail tsaitaraiia vaa vuptorad and baaaaa inpatalar* 
But bjr tf» ingaatloii af H«0 fig B^sadyaona/larray in tha raaait* 
ing i^ Hpati lli« tfaaaaae af aatiaaflelda vat n«i?li;^ia* 
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i ' MiilKM faHgwlat tft> Ingjgtioii of flifftynt a»—t of 
9BNMiaBHBwnHHfaiMaMia«MMMiMiiH^ 
,aiiaayiHtffli.ilaai.Tl^  i m iaiter iMyiMff 
In tft« two dmf old 6th insitar I«rvao vhtdh taoaltod f«i?si 
t^*i Ifiitar la«ir^ tiomtt*! vrltli S**? ««?, tli#y« vso x^^etlofi In 
TIG aa oowoafod to cwsntwl* i^mmwir^ In t^a« ln.rv«« nffee^d 
I'TltIt 1«<t nf SdsSf fliojra a^a '^^ nw ineteao® in T^ 0 nm mmpfiTfiA to 
thmt of t*i« ln3nr«» affeotcidi itlth Q«^  tig» But his^ *t©r «!oMia 
oiaigod twet''-^t fOteotion In t!ie TIC of ^^ Instar lajpirao 
CTafeXt 'TQ)* Folioirlfit» t ^ in^^estlan of t*i« *jif!!h©«t dum of 
"^ •©edyso-m !•«• 6»0 i3g to t ^ 5tti Inatar Inrv^ aat t!i« tao of 
th® mxt instar larvae wa« rtiyood to aliioit half of tfto 
«i?tt«ilf nwitag aoitly ufil4entiflafel« otlia dtu® to ©xtsonai 
"patiiologicel ehan^oa (tablo 20| Fig, 9>» 
Iflfeial,lim»T«iCTyli,wtt,Blt„iXllS> ,aC tinnPiMttinBium ang- tfiaimnat, ftf 
I» 3LUam XiiXtoytni fiifltiMr flf a i t f t r ta l ttoaai af Sitaiiflyiai 
itfliiitfit feltiiiiiMitifiiiliMrfBi^ 
In tlM iiffeolwS Bfopopaoy TUC wma smrtedlgr ro^oedi liy 
0*5 uf <to8«* Furtherf tho iaortKso in tho eonoootyottoo of tht 
hsraooo rooulto l^ in t»roffo«fiT« ftlX in T^t vhon Vm 6t}i inttor 
larvM va« troftted tritli 6,0 ui^ liopirat <^> ^ * psre^ ixpt^ t ttioro 
vot ft Soof of B3«3^  fiotaooytof ag ooaparftd to oontfoi* Siadlar 
tmndi vM iotn in tlio blood of imi»a« modi tht total lots in TSO 
1)f •trongoft doao vat f^ ao ooaparod to oontrol CT^lo 20| 
Fig, 9>« 
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Isrvttt of A* XiMMB aM^t*^ f«QQ 5tli iatt«r Xmntm 
foUoul!^ tUB f d i d i ^ of difftifoat doiOi «r 
iMioAyoooo* AoA total Haottoof t t oooolo CtlS) #f 
Zm^93f 014 ffwpiqpio «aA pnpat oooXtod fvoo 6 ^ iaottar 
l O f f O i f94 %rltll a i f fC fOdt dOMS o f B^O^OOOi 1^9 
XiUffll* 
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(Hi ) Oif f t f tttitX hmwom^ ooaatg (OHO) jq t^m 6lsh Jmtty 
<»lWII»t»«IW»«»M»«ll»r»«'»ll'«»«M"''»'"««M»»M«WrMjl^^ I I I — « — I I H l M i y lll»»Mt«»WMll<IM»lll«WIMMMIIIlM»' 
tsgfm of &• Mittti f0iliM>n$ infittlofi (ftttdiac) of 
« 1 i » i l « — < — — — « • I  i«i iw»i»W«—11 iiiiliiii I m » iMiiiiiiiiiiin W W — — — n H i l l • mmmmmmmmmmimmimmmm 
^|ffo«ittt ikife of B o^fldygoao W %M ^tHitiatwr lonriat 
Xfs tl» 6tli listor lartoo yihieh mnHtH tt&m uatvoatoA 
<f$ft initftT Xarr»« (oontioX) t ^ poimlatloa of plaooatooartoo Mwm 
%tf$i9r as e^ M^ afOd to thowi of &^ imitar larvao vhloU saotiltod 
froa S^ ^ Inntar X&mm Imiring #®toii 0,5 ug ios@« Ecwiwrfsri 6t!i 
inttt«r larvae ^tffeolod with 1«0 ng aooe Had Xoos rtditttttSon in 
tht ptjpotislcgo of them co l l i . But iitgeotloit of 2»0 u« 3«p 
mn^fmm/^Wt instis? isjpva« seofittoet tlie popal&tloii of tlio»o 
cell* in tht Stl3 i m t w to atoo^ t owe third of t^ it ooatyoi* 
^<xmw:tf t ^ nro^oar'^efteg t^r© «ti«ffeei»d 'bf mty 4oi» ana 
10 ttoeil? !^ i»lPO®tttis;^  »pSfit©d Mrl^yf «>«fWi««| ftotftslo f altto i^teip 
insteition of 6.0 ng aost a« 'itsi^ jMWd ^ eontfoXf v^n oti«i» 
oolti mt® taoatly ^soot. ^t» i^ roontniftt of t»©a«se3rt«8 
aoero&oed to ^.0^ ffois 6.7* tgr 0*^ «?• dose* But aisp®i«fitly 
t!KiV0 was an ifiofoaso in ttmir ^r-rointiifo i« tlis 6th ifistmr 
Xnrrso sfftottd idltlii Msthei* tlo09s us ompasoi to aontyoif 
booooso of Vtmtr fosistonos &odi sorviina. (f«bU 21) • SlslXftriy« 
tht gvaoalftr hotaooftos vsio also unsffoottd ^ 0*5 ug doso* 
But Wm iMHiber of thsos ooUs drofrpod st 1»0 og doso* Bf 
2*0 ug igid bigkior dooos tliofo was l i t t l t eVi«oga siod so tUt 
wmmv of tiMss ooXis with xospoot to otHor ooUs boosas 
2k t iMs «»fo ttifto thst of tlio ooatyoX* Ml^hooooojrtss wof« 
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iiiiiiff««t»4 hf 0*5 m ^M« But &ft«r ti» l!iff«stion of 1*0 «§ 
B*«94i^ fefw !i3r tut ^tn tm%m ivtm^ ^MM otl.lt iPtft toi^ltttlir 
A^stroftd in tht 6t!i Inttat* T?» otrtoeytolds xvprttttnttd torn 
ftvotfitii^ tmi titf* fiitfi^y f^ftdttd ^ 0«f i:^  Jost hvtt m% 
m auth b; 1*0 ng and 2*0 ug* Ho%itirart if«0 andl 6«0 ug dottt 
ytauot^ f^it Dopntatlo!! to aiKMittt % (Fig* 10J(» tin mrmnm 
%mi9 of ^irtt09:ft63 ant srimtnls Q»XXU uert uimociOUi^ takit iitttiitt 
df t^ @ir t»iw?a ttasiugt mid ictjilitifie^lshabXft oor^itlosi ®9t£i l»y 
f^ tdlfis^ 0#1? tJ^^tli lilt lay larva® (f^blt 21) • 
iUIXftTOatlil,.,^iiimttyt8,,flcmrilaiM(ai3gliiOf %M x^tmxam n^.^im 
Xn t ^ firei^ iw e^ 'lewilts.l fmm t^ 6i*i, ins tor l.-^ i^ vat 
w l^cH '^ «tB* ft<^  vit>i 'H^fsfisnt doses of '^ -aedf-Mne, t^ se •mte'^nm 
taut of t»Xsts?!mtosyt®8 f!iN»pp«id hf t*» l««;estien of 0#5 wn/ltirva. 
Tl!t ifwifetr of % s^« et l l t vat alii^it: miwli^ ibXt 2«f*' from 6t< 
tsy 6»0 11 r 1os«» T»» w>twi!itaj5ii of profwwiaoayttt gradrmltr 
tmre^m4 nnA btoas^ S tidies to titat of tb6 mntml hj 6*0 ng 
aott bteaott of the ^iiaaft of othtr %ti^B of etIXs* th» ptrota* 
tte t^ of poAoeyimM d#ortattd by 0*5 ug dott audi btoMB nil at 
6*0 ttg dose* Ttit ^retattftt of granular hotsooyitt alto 
tttfftrod loot ftlattd vitli toootatratioii* tlie «SI|}oliatMooyttt 
dtortatod at 0*5 ug <Sott anl btoaw tloost ail at 1*0 ug and 
hi«;h»r iioset* Ftrttatagt of otodoytoitlt wat oot affoottd bf 
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^•^ M ^ » « * '^^*9 ev i l s ifofe vmwt f»«it%ant and u l t l aA t id f i n 
t i l t fiNip^ftS ^rtiioli w^m iffee%ed w i ^ H i i ^ tp i o f « t alsOf t i M i t 
iMifiMifitafi Wig iifeipoi»tl®fiiittlf 15 t i n t * to %»^«it o f tfm mfi^t^lf 
d«#-1©- ia«»^Mr# !©»• o f #*3i»r «»11» tf«fel» Z2.-4 . f i g * $l^ >-« S m 
a i f f e w f i t i a l Iis®a9«y1» ©oanti (DUO) I n t i i i affected papa* if9f« 
aisa« oji t$ie bitsis of t ^ me i^@r nf ofiHg o f «o@h t f f ^ i wM-nli 
^ » 4 « s ? i ^ i^ttt s t l H ip®cj0ifilsi^l«» Ummmtf timm vmm ao 
Xtis f 9r©S53tag<t o f iJi»ti«sw;^t®» i o a f f i € t » i latipai ¥&s 
ixp|}sr@ntl^ i i ^ f i & ^ l ^ i3«e@ai^  Vwm mVLB @xist«t l i t Amagod 
eomailtl^n* f l® f l a w a t o t ^ t e i "mm mst tutwptlKLe and t t w l * 
pei^ittitagt Afsppsi m®n ^ 0*f ug aose* Stallc1fi.f1 t ! i t u tw i t i i -
%Bm « f isadiii^tes deeseaaed e^en at 0»5 tsi aai beemiw *iidlf of 
I t s mntmt pcrpila^i>ii n t 6»0 tif; <!o«is» Ott t i » »tlKJr %«rt!3, t l i« 
graiMliap hmm»Qyt»M imv9 nif»«ff#@^^ sti4 ^ t ^ l r i»9ls@i' s*«ni«d 
l!iiif«®widl i»®CTstfit«^ viih msmet t© t* i i i ^ t i t l i w i ^ y of t a r ^ i -
irlng o«ll«« t t i t p«y< f^it®s@ nf otnoof totd« dl»op|»d In th« i>tip«» 
affostod 1*1 t i l ^tO ani 6»0 ttf ^ose® C '^ii?* 10)• 
Sine* f p ^ m l i t Q@3l8f ofstoosr^a a«id in taet sdipohaA* 
« i^ r t«c W9m m% wmn i n tlw satars of eant f^ l impae« tl«@ydfOf« 
t ^ •ftmt o f B««odyaoii» «9itM not lie studied i n tb«s« eel ls 
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2* If f i l l ftf tiU 
a»i i i i i iiiiiimiilii mil Ill" 
f»tl»tfim UMI l«a<wr%lon of sllffytnt doff of tyiaX* 
F«r% ftlgHt hs«ar« oU 5th iant»r liopP®* of il»illcaEISflQXtlBA 
««r# i^i\'id«all7 ii^»e^f€ %dlli »ti«H Aetm &t *T»Jol»« f!«i«i ^ s e i 
V9V 0.5 «ft, 1«0 ani 3»0 Tifi t^ .O tif aid 6«0 ttf, Tfien after 3 
•oiioie^ to aittltif Wit t!^3»®]rtt ¥@» olsi^Twt i-n 3 a^gr olA 
sdultSf lit t ^ Hi3#s s ^ t ^ fer^alss atiJsyattlT* ^^^ Aata 
v«iw hnm^ on qnjtlltatlir^ tsof^ailsJioa of m iwsftser of staiiiod 
pr«i»ar»tSoni of "bloo^  dr«iwrt f3?e« st-ftraX Instelt tyeatti i»lth 
Pathologlettl. QooAlUonA of difforotit typos of oollo ymim 
oofifiipg^ by ooa[p«f4iig tiM 8t«li»d bioodi lOiitrw of tfOaltd 
Inooots ffoa tliooo of iiatf«»l»d lfisoot« fts i#»l.l at %v«atod itifli 
•ootoiw of tht • « » otofo oai ^^» 
ftf 1 idlil iiiM 5Ml Ii 
?)!• ohftAgoo ill •ariooo iMoaooyto* of tHow noi>i>«p« 
fotlo%riii^  thi ittfootioii Of diffofont dosot of trSol to M tiOBPt 
176 
<il4 fm tmtmt ^mpp§w9 wm giwA btliyift 
u ODftagsa mvft mt»A 9mn \af t>w iiD«etl0ii df 
ift«l»»t 4o«e* 9ti«l«se vat tmelitd to ee««titri« !»o«i%loii at 
dmiiic in th« cell atiaibraiie and vasuoHsiitiAfi ifi th« eyt(99ltt«i» 
Howiwrt f9lXo%rinf tlw tnfi^ntSan of @lt>»iir ?»0, V»Q car 6«0 ag 
trlolf tHs isytofiljurai of tfttse gtlX* %r»i» uoisfslettly ^tatyoyiA 
AmS miel9ti9 vm® i«f t« 
IXoiaaldSJElayi)* ^ ^ tffi^et of t^ v^ n lowir do^it of trioX start«4 
with thi a«stjmstt©ii ®f t!i» s tU TWiiwemi aid t'l© cylapljuw along 
^ritli tbs oecentyle nosltici?! of t!:^  --teioleus la youixl af^ ovia, 
mlXn Cnatt K<%f, ^ig.i. A 1 a 2)* tCM« si^ ng® ImT&umd fwjptiiw? 
in ©ore s^Xts at 1*0 tig ^iit» S^ t^m izijeotlofi of tlil« doi!* 
TdotKilei ulm atarttd to i^^aif in th* maQl«uii« SiabMcsu^ fitly 
thitt mVLn %mm nhwwmimvim^ %fl%h loramiXatloii of t^m oytopla«® 
ftod vmt»rl;ig of oell T^ tw^ ttiraii^  i^idi Imos^s inteoae waA oasipio-
toly d«6^»a at 6«Q iti dom* 
ftrimilir fatlMytta*'* ^Oit of tHett ooUt t^mm^L nmtami 
mXt vmaimnm mA oiinadliloti of ursuialof fton tm mtl9 own hf 
io}«etin« 0.5 Of doot (note XXT, Fif, A 1)« f!»M ooUo ooo14 
M vooofi^ltod Iqr tiMiir roiwdiit at I.O tsit anS atronger <Soao 
<PU%t xior. Fit* A I ) , 
QiOMaJiMi^* Za ooa9»arioioti to otiior ooUjit tiioaa oallo a^ ioiioi 
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l i t t l * ol^m^ at <3*f iig aoMf v!i»n oaly ft fvv e«Ut thvwti 
•o<3«istrid p«tltlAii of tht miolMHi* At 1*0 of ao«« ettX «Mirt»r«w 
iNiewi* l]*r«f^tr* Hoif«ver« xt^t«if» of e«ll oostbraatf ^vastielisi^ 
tiofl m& itttametioii of flcrt^luuni ^ Km toUmlm tin ia|dotioft 
of a.O ng ao^ ft« wH at liig[h9r dostta* But tm a«aai^ y^ m% 
»• €ionsi>i«irfl»bl» m In mthsr %pa8 of oalla* 
MmmmM8Mt,iim QU aaalSi ^^ haaaoo^ tt or >>d^ ou 
adulta (both cf fuadi }) oiawirgad fyow tha h9pi»r» which ware lojeoh' 
tftS %dto ©aeh :tos8 of 1!ri®X in t ^ 5tli asrs^ lmt stago C^ S "^ r oM), 
wt3Pt i4so sta€le5» tin Ss^rtstit ats^a ^vm dtaoriboS bsXowt 
409© (rirte *K?f ri'^s. & ^ t*: 6 ) . /it 1»0 tjir dosai ^11 rae^ tsrnnt 
ana miol^is lin^ii.^ ira*a?^ iilfr# ^nytvrt foU-ovlBw tha noplles-
tlon of r!»0 tir as wttl a» M-^ trt* 5oii©a, vamiolaa datelopad lo 
t!ie ©ytop^ laaia. Also tha o©12. t^s^raoft beeaiaa trv^mT^&T moA 
tvptvafeA« In addition to tlili t^fe %fsa aiaoHai^ fa of Vm 
oytoplaan ttfm tfia oalla, iiHioli ymm mlmtimtf imve Intanao 
**llliilttffrttli~ Ttwao oalla mm affaotad avan ^ 0*5 ug d080» 
•tioviag f^ttuwd oall aagbranat YaettoXlaation In tht eytoplaati 
gflwmlatioa aoA aoattaottoR of ortoplasa (Plata KXT, Fig* A 5)« 
fnfthnv meXaaa boevM IrfagoXar amS aooaotrio lor 1*0 ug toao* 
Thoaa o^ angoa gyaftoaUf laofoaaod and ^ 6*0 ug ^oao 03ccess±ve 
vaooolisatioitf dia^n^af«aoo of oytof»Xaia aoA piolaotlona io 
HM flttoloi liafo avidoflft* 
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u Tiws« mills warn im»t mnatti^m to 
i n ili»p«* Bioi9 mt%M &mM t>« iN»09risi89i l^ y tli«>lr i^milfMi 
%iyi^i»^^.yt f l iew cel ls ^®ftt ewaparstiirtlf l es t Affeet®^, 
'"y tHi» tii3#5atiiiii g>f 0««i i » aant^ masons Meta^ aa eaetat r is , 
^rummtln f int- ' i^s l fete?®® tliiste aol ©c^sMit a^ft csf lop la in 
m^m fim^ 9f ei^toplasa. rs i la t is ®te-:«@ m®m iJm ^ t a « 
'Js-»'.t® e^s?l:i3llf %tmmv£M cM hs ^•O t ^ Son© ciaU. ;j«lb3Pf-.i» 
^B« i»iiBti«?ei i a^ cytepXaw was (l®rtr®f®i« 
?Rt?i«loi^<l ©f fa t t o f l i f ^ i m n t iosts ^ f X r l u l was 
C l i ) 01ff@f@fitlai fi^^s«^t® somtita Cnffis) of f daf «»lfi 5 ^ 
«iil»i»iw»iw«w>iiii)wtiiiiww««><i<iw«Miiiiiiiiiiiirw HHIIKI I umiiiwimwiTWiniiinKiiiinwiniiiiiiiiiiiiiiiiiiiiiiin i m n iiiririiMiiiwiwiiMaMiiMwwO 
iflttiy ilOTiMHri .ifialllafliif .rllai •ifiilffiatteituittii^ iriifttytiili 
ilflni ttf Xd^l. to ^ Mil I am i51Sli iMiilfif I tepun gf 
ZfS ttie otQ«tofW i f i ^ f id^^ h&ppBVft «rliie!t st?i»«d mi o a n t i ^ 
tiM fiofmlfttioa of proMmm^tta W M Mgi^s t (i«@* 7 9 * ^ ) ««& 
that o f f l ftwintooytof vm out f i f t l i of tiio vmfimmmf%4tM i s 
1 ^ ««3Lo ^i^»pii« wlwroftt i » tlw foMalo hoppers th is ra t i o wm 
179 
• t i^ i t ly waif tfiaii ofit thiifil* AXtfiouRh foXlonint th» apvXi* 
«fttloii of 0»5 tif, t.O Of, S»0 at and l*»0 ug ao9« ^«p fKS|»9«r« 
Hift |ifso!iiiAaii«3rtef pftfoentat?* ArcfpimA fi»r1i»d3>y at oonpavtd to 
oontfolf folloid.ni tlie lojoetloii of &*0 ug doto p^r Iwpptr tlit 
t)«re«ntagfi of ttiew eeUs was liiiRi that of eoiitrol* Emmimrf 
this data folloving ilit inj^otlon of laiixlJBaM do@« i s baaed on 
%^© nmw^mm of uasirtnljr fllstrHmtaBHl aiid ir#r]r low iiopaXation 
of {^IXs in IlKi n i^oar iodic'<tii^ "veat torn i o ooXI i ^ ^ i a * 
tlon .ikiik t5lJ?o^So-effect of ^it Mghojp dosot of Xyiol. aa 
t ^ olfifiP ftfiM, plssaiitoasftes 2*at!ier inornate in n®reoot^« 
f s ««!may@i tc5 *^tti'Hnmmcs'iMn at Mmw up to ??»Q m^ tsotH in 
f^t -mXtg cM fh© fenales* Xt I t otr^sms on t^ iit «Toaiidi t'-snt 
%"*d« '^n'lJwajioytts vei« tmtfi a » :g©a n-id *3»stw>y«d fte l ess 
nf-^f*^%^ ^lagnatoeyte® *»«!€ s^m t^itrhti? ^^ s-pct^ it-^ ©^ In a 
iftmvtimsXair nfe? of ^© aiaetsp CTsfeXo gi^). 
T*ie p^ranaXar haoaosytss v«j«9 moro damaged In tho foss-sloo 
tHa« t>it 'saXo* •gp«oiaXly at 'ftowi 1.0 tif to 6»0 apj per happvt* 
Th« otfioojrtoifts ajw %9mrB3Xj roaiitaot to TrioX RS o^ apaTodl 
to otfwr o«XX«» ffi tfio mmmrt of liotli tht mdm and tdo f4^«lo 
toipport ttie i>«foo«itafo 4^ oonooytolds ioo«««tod maah as 
ooapaxod to fospoetito ooottoX* Xht roaaon ia that vfiilo 
otlior oaXXa WOTO boioi; aXiaioatod oeooosptoida do parsist aaA 
tlioy %ioiiXd than mam higliar pavoaotaga in fa<INiood total 
9«piXatioo CtiEbXa 2V| fH* ID* 
oo 
I 




* ! ® 
4* • ! 
4> 
ja e 






















* - > • « 
C 
4>4» « 
o O a 



























« • ira. 







6 4 9 
^ ' 
o 










































N O V N 
• • 
























!« tfm nmTmntms «if illfftififit %i»« »f 















































-CONTROL-*(^0-5jug »(•— l-Oxjg — ^ 2 - 0 / u g »j^-6-0xj9—*^*- 6-OAjg - - j 
DOSES *• 
182 
dOMf of T r i o l to Hd 1 ^ o34 5th liuitfaf Hswfort of ^nr t . t f f t f f i l t l i l i l ' Miiiiii III — — i w w i i i • 1 •! mil n T^  I mini III IN III Miimm I iiir III n limiiiJiiiiiiHiflaaawwaaBaBwr 
Zn ftiuXt« taUm aff«ot«4 \ti^ atlffor^tit <!osos o f tjplolg 
pfofiQd«}(^tos wor9 laofit slgnif iow i t l y rtdaeodi I n eoaparloaii to 
^ e t of 0<Q«toiiNi Bffee^^d sianlttit I n hotH mwwif nmsdimm Saisiifo 
to V'^'^tmm^twn oaoarod b:/ t*it ^ilc^^st lose (Ci»Q tip/lioiipor)« 
t i t w ^ a ^ ol5 ^th i?istaif h'lts'Perst tH# "slassiatoeFtos o f aStt l t i 
%mw^ n\m X^m ^tmnre^. aaa r!fjfis®j|i^itl|^ t ^ i i » weiwtitwfO 
I n e f t f i ^ i ^s«^ f f iM as s^ smstp®^ to oofit?ol» I t i s Qtffmxn i n 
R sfinaitiisfi %tH^n ^V^T tffmn o f mVLn ht^emm str^^rt^B in m i t i ton 
txtn^ ot i s t ^ c f i t i i ^ ftnesr ClJ&^-lt ?5^ ^1^« 1^i» 
'te '*mffjla~y ^''etaoeytti i n t>tit*i ssx©s o f nliiXts n-s^adually 
and lait taatdly a H tlieso ooXXs iSOs^leteXf 4iss|>n©ai?«d with 
r«gr:urd to &*0 ug tiof@« On %fm otl i#r hand, o@ei:}^toMs #)ovod 
loertuso I n t ! ie i r ptroootast* tfiils I s due to tti@lr tea%M%Bmm 
to T r l o l doset CTablo 2$}» 
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B* iftiflt ftf WiWilfHiiin, A d BtefteirtlTiiintli* 
mmmSBBBSSm 
i^* FillMiliittflBli tffiot <m l?wii ttiiBBgflit ftf §tti ImitMfi 1 
Inlttotien of taoH of tlw dos«t» AS stnttonod in QMO of 
f i*lolt of ^1« plQrtete4?TOf» to 5t^ liiit«r l^si^oi (2V isr oM) 
CMitf^  folloifiTii pfttfiotoilsal aaa^es in tiM a^^ aoo^ rl^ s of 
Ii-S !s3e» oM 6tli lastar larvse» 
ZsS0SumamSM0'* Bm&m i» InlUatoa vltSi ^ t s^matmm of 
a fev irdouoXot lit eytuxplmm nad eo^ntrio molsmf in SOEHI oelXi 
l»y 0«5 tig/Xarva* By t*0 ng mkl 2«0 us dosos* oalU mm»*rm9 of 
90BW ooUo mptarod nt plastis (Plato l^« Figt* B l«2fft 3)* Bj 
th« apfdiofttioii of ^•d {ig and 6*0 tig doaoOf in aoot of ^w 
eollt f^t^mt TaooolisotloQ of %!io eytoplossy mptniliig of tlit 
oilX wmitfmm mnA frftfutntatioti of tlw iiii«&ei took I>XMM« 
"OMO'iOFf oono oolxo thn^nA f*oflio«fttioo to thio hofnotio 9XKt 
("OttOilWO ifltOOt* 
niBWIlTJIiltil' PftttioXofi^ lefll e?i«ng«i voro ovIAofit otoa bf 
0*5 iNlAoFVo in lilJMiot all foyani of oolXo tiioifioi mptierod ooU 
••rtifonof ^—oloo in osrtopXooa «)A dis«li«rfO of oytopXowi ftia 
tlio mXk (Fiott IXf fifO* A 2»3f>^  A 5)t (PXato XXZt, figo*1«2 A 3}< 
186 
But mt^t «fiS wv^wA ptwmm^99ftm9 ondy tUmmA mtSil vtiueltti 
in irto^tMB m y%X m§ nivm(k vaA •mmvtrls iia«iitt«* Tmr^Hmw 
tSM oyto^lftiRie TfttaoHift^ton lii«f»M«A «d1^ t9i« higher «»fi«ett» 
fi««ifii «r mm mmmm twitAm ix» Fift* s ^f^e a 7)1 (rut* 
fill«d vit!i isHMiy i^all. VMHIOIAI wltli thfiiftl^ f»4ii««i iM 
in K f«w «wlXtf o«31 mrtbrskiit was Intattt* 
Fif^ s* f .1- S)« Xn amsit e t l l s l^riif^lDai pfOG«8s«t detctoftd* 
Btit tjy 1«0 «g dostf tfiere w^ ©? i^|jl«te yoptarinft of eoll 
wm^twm a^ ttte nwRiagpojIia Mowat temm^Xm* At 2.0 «§ 
<3oa« liott of tttoit mUn nmm &fmm^ t»at toisio o«Xl« olioifod 
ooXy Imlirlnf of HMudopodla mA iraooolot in of to^lsm (Piftto 
IX» ?!«?«• B 8 i 9 ) | Cna^ XIO?, fin* W5. By t^ .o nr. and 
6*0 tsf doMs fhoT* vao a ooiqiXotit doatntotion of theia oallt* 
I* Xo oeat oolla, 0*5 of doaOf mH wmtormm 
ffM fwpttifod a% plaooat •aoiaoloa do^Xopad i s 0ft99^«i« ani 
anoloar •artirini baoMt irffOfaXar (Flata XX, ftga* A I1«I2 A l | ) | 
(fXatt XXXf, Fii^* 1 & 3)» dy 1*0 MA 2*0 ug doaaa aytotXaaM 
iMoano HLghXy iratiioXftltd and aaXXa baoana liragifiXav • • waiU •• 
ia ao«a o^Xa atoXai woro aXao dialotagvatod (PXato XXg figa* 
B 10, If ft I2}t Cna«0 XXXVt Figa* t», 5 41 7)* M l»«0 aoi 
187 
6»0 m§ 0»m9 aMit of Vmm o«ll« nor* d«*t«oy«it oaijr « few 
lfltlllift!ilByv*y*^ ff**' ^tl l a«&tirftiMi vtm mplxtfvd oMplstily uiA 
fat 9;lolml«i i«««« extfodiia oat la son* eoUt ^ th* uppUoAtliOQ 
of 0«5 ftM 1»0 tif aoTOf (Flmtt IX, 5ii^, A lli)^ (Plat* XH?, 
Fig, 3)» By ftigli®7 doa#« ^11 tHft Q9ils vovft 3»8tfoyod 
ooawXtttlf (Plat» IXj Tim* B 13, 1H ft t^), (Piatt lOCTf, 
Fig. ?)• 
q«Htti!rgtftia«t 'iy 0»5 ti^  Haldst^Wflo A (P*iyto©c^ i?ts?!o) theit 
oetlg wtf© least nfftett€ as «K9iasNI to otlt«i5» sel3.s» Homnmrt 
lis i^MWi 0Ql,Xst ^cilv ttMitalxpaiie tieosGV IjnmfiuSjuff mtptox'odl ani 
fKieloi ymv0 imolltQ ai^ ©eeentyie Citato 2X, Fl^a» i t^fl^ *^ 17) § 
C^att KXIY, l$s» 2 <& 3)* % 1*0 ttg and 2*0 ug doata <X«v«lo|i« 
a«»t of mtXl eytopljumlo vaoti^loa atar1»4 and blouoloato 
99 mm of tan aooo (Plata i x . Figs, B 16 It 17}, (Plata MXf, 
Fli« 6)« Howo'vori bf h«Q ug aM 6*0 ug iSoaaag oflily aoai ooHa 
ohowatf mptafoi oall flMMNraai and loat of aoiw of Um «ytaplsan* 
i« timm ooHa iMioana loAlatln* 
gttlfliil>la mmn bf tto ivi^ilootloa of 0,5 ug ifakiit«f««t A 
(lplVtooodyaoaa)A«nra« 
188 
iliiiillii ^Hi liiwilMMPiliifffiiidllft^ ilwr l iMi * 
Xfi|««ti«»n of 9mh of tfie afortsaiil lio^t of Haklttevoot A 
(|>ltrto«odfso;w> to dim institr luxirao Cal» Itr oU) ewiiod foUoiN. 
Ing l^allsdlo^io^ dmmm iit ^« tiaeiaodyttt of pfopispM* 
£iSQ}2{iiaftgaclEit«i> By t!i@ ^jji^iim'tion o f o«^ tti? aaio« «. fow 
tasUt vftot^lnii ditvoSof^ oS lit t'*it o^ ^^ i^ii^ ti!!^  '^^ INIH isoi^ rAW 
rofitiife^ Ifi mnt of ^e oel ls , Imt th«re ^ M m loaa of oytci-
plJtga (fXa'^ '''.t Fin. A 1>« % l»0 tig a^ ?»CJ ug dosis* oyto* 
plas'ile imoitol«9 fomv big-gor tn sis®* Btit in 90130 ooXXHt ooUL 
mttirMids tmemm i,^mmhm ^ith Wm doatmotSoti of o/tCj^ Xasaio 
eont«nt« (Plata x, Figi* B 1 H'. a> (Plato xxiv, Fi^. 10). igr 
mptHer doios i«o« h»0 itg aoci 6«0 tig, aost of ^M pvoHaoaooytM 
if02^ imon with m^tuye^ mXl mt^ araaef aM grftoolotod flQrtoi»lo«i 
aopotiail ttio i^oloos* 
JULlflUKteOXlti** Bottai ma& oooU plsaaatooytoo sHovod fodooii 
noolei vit^ oooontrio pooitioii mdi nrnm^ omll H^MRIOIOO in ort»» 
plMB 19 #•? ttS <!••• (Ploto X, Figi* A 2 , 3 ^ M , (notO lOEXT, 
Fif s* 8 t 9) • Bot 1 ^ eoUo of other thopoo hoi nuptojtd ooU 
Mo^Font maA fl^toptowio dootfootloii* At t«0 og 4ooft« mm #f 
tho fOQOd on! oooU ooUi tUmimA rufitufod eoH m^rmm onl 
looi of mm of tip oytofitooa* lo t in fooifoffs plooootooFlM 
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9f%&fi%Mm wf^mtKfA U hm i|f«fnl«««4 midl tdttay •Moolatti villi 
«9«niiofit^ 4»#^RtetlAii« i f ii»|%liif a«0 ii« dos* in mtXl uA 
fouas o»lltt e*il asMbraiit i>«o«n irfcftilar tut wtSl •• finijujii 
\ritft Hit !li>t8 of SOM 9f tlw Qirt<»|)lfttay V!iiX« g«XXg of otiitr 
C?1.«%t ioat'/f ?1^« fO)# l&ii¥fir@rt their oolliiiav li^3f«isioiit 
still , temdmd^ By U-«0 tag dttm la gasU and roatid ooHi 
iwdloiis «»• rt<lQci«4 and Q^^ifpXmm «as dostfojrftd* B^f 6*0 ug 
dO!^  83JI t ^ 0tl3L» mtfe msj^l^Vsly Ami&g94.m 
ZS^SLiS^m^^ **S ^^ ^pHuatlUfJ of 0.5 iig fuH 1.0 tt0 dose, 
no«t of ^M mXln mm aasMgea cmd i t vas ilifrioalt to ii@atlfy 
tlieis Cnatt X, lllf!s« /, 5 «: 6>t CPtsto XXIV, Flt»» 8) . Howtfor, 
a f«%r «itL« ap|ios«o4 to bo i»mtaX« At 2*0 ng dtonet tti» r«^«iiw 
if^ tmtXs ioiwic^od big ^oeuolofl in eft&plnmi m ifoU «• owi 
or tiro tn t^o nooicott o«ll m&Btirmm w«t roptotoA ana oTtopIoaaio 
fwntonta %roi« dtitivfod (Plott X, Fi^« 1 6 ) , d^latt XXXir, fig.10), 
By li'^ O ttf ana 6*0 u« <Soaaa ail tbo oolio %f«fO donofoa* 
f|»«f|^^y > ,^^ ipjiy<^pi- M g^t of tboot oalit wafo ioMioA by 
0.5 Oi doot (Plato X, FS«, A 7 * S)t (Piatt XXXV^ Fig* 8) . 
By 1*0 Of andl hi«h«r doaoa all tha otHa vayo ooBiplotoly 
aootfoyotf (Piatt X» Pig* B 7)« 
MIlUlHilMMiTlil*' Tlwao ooUa wofo oo^plotaly 4iviago4 OYOO Iqr 
«ir«l»tt 4o«o i«o« 0«5 lit (Plata X, Figo* A p « 10 I B 8) , 
(Piatt 3^f« Fif* ft)* 
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tsCd &fii «asll YttpMilftt 4»t«l49'p«tt in oytoplus* But la M M 
Mlltf ••11 a»ia»f«Mi vai Also ru t^oMdi mnA vftaplmam 
VM 4liM}l«VS«d ( P l a t e X9 f i g s . 4 t l ^ 1 2 ) , ( P U t e XXZV, 
?!§«• 8 4^  9)« Jit t«0 ug aio««| ia {9»st of tiss e#llft maolsfir 
lata^aiM trss «^^ix«d audi fiUQlttts l}««aia« IrMiptl&r %ridl« aoll 
immhvnm v«« lat««t imoept tn u t9v mlXtt whldh had bititoa 
••11 '^i^irant a^ sd aytsflassa ¥as ilseHaygad* i^ ttn appHoa* 
tSon of s«0 tify }*«0 rjg isna 6*0 ttg ilosesf aoll w&mrmm xm^txur^A 
If} jKi's® «^li« ef^m^lmm vais :ttteii?ifgi»€l awl iJi nthmt mllm 
rm^lat mim wisiwi tmt (T f^ei^  ?<:, •'if«« 9 * 10)^ {Pt«t» mat, 
"^Iff. 101 • 
HM!»OO7^ pi«tiif« of Fiipa« of £• li%fff follotilnf t!i» injootloa 
f•Uowiog Hw ia|«atl0a of aiww awatiooid dof«« of 
Holdatsfooi A to 6lii iastur l«irfa« iSk W old) •niMiA paHwlo* 
gi««ai damg^ mittfli %mi9% roooiAod la tte ti«H»oytos of pupao 
(Ii8 lir OH)* la %Sm aotaal ptpas tlit HamaBofto mammv i» 
•Iwiqr* !••• •• mm*W9A to tho larvao of th» 5 ^ •at 6tli 
£lBMMMlllli* 1» lite WK^m aoolt^d fvaai 6 ^ iottor larvaOf 
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aMfefAOi aai dlMliafgt of ^topXmm (Hate XX* Figs* A 1f2«3f 
i» ft 5}« Bjr 1*0 ug doM aoa* oAXw prodttotd fiut ofloiilMHiit 
i^oo»««t## A% 2*0 iig is<»«» «V1HU mmmA 'buigiais of oytepltMi 
(Ptttto XI, flg8# B 1 ^ 2)# HoiioY«rt by hmO nut ana 6«0 ug 
dl08«« aost of the oslit voyo fouiiS id.th bfoltiQ aoa irrti^tar 
eoU imfib'mfm ntA pti^ milatod oytof^ tafla aiwsni t)w tntetimt* 
im<«iol«a 1JI tfm oftoplat® at 0»5 ti|i? 6am (PXat© x l | Fl.!»t» A 6, 
7 si^  i |). By t*it ccpplieation of 1*0 ntf ^•0 ug ntti U»o ug diopoo, 
th« s«all a«l found plastaatocgrtos wire tjlf^ hly vacuolated 
vhei^iiB t% otl ls of othsr oh^os nM btoiiea ooll immbr^m 
sad deatjp^ed « t^s»pla«a (Plato ^^ Fl§* B 5)» At 6»0 ag doso 
al l thoiie sel ls u&te tsompls%eXf diesiigisd &i^  booaut India tin* 
f'tilahtiblo* 
£(ldafi3dbfillt* j^r th» apj^eatioii of 0*!» Uf doao, tiioae eolla 
dovolo!>od foptufod ooll mmiibr»m end loaa of oytoplaaa (Plato 
XI, '^ i^ a« A 9 ^ to)* At 1*0 tig doo»« mteloao boooao oooontrio 
and ooU ooi^vaao vaa bsoteo* Forther, dofolepoaot of irf#» 
irolar ^I'ooosaoi and a f^ aiRall vaoaoloa took iilaoo in ttit 
ortoplaaa aa wall ao aoaa oolla ahowod oftoplaaftio tmlfiog* 
At 2*0 Of doao i>aoiktoipodia booww Irvoiulart Imt mat of tho 
oolla waio doB i^od* Rowavar, tliaao ooold bo IdontlfSod by 
tteir foaMiiia (nato XZf ?iga» B t^  « 5}f (nato IXXf, Flg«l2). 
Iiatorf tboy baoano indiatingolabaliXa bf '6*0 og doao* 
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tm At 0*5 Hi ««! 1*0 ^ di9t««t OtU MMlMPMM 
2*0 ftnfll ii-«0 iif ao9«e mioltl; ^Itlmilaly ^tntvpsnA aafl Ml&t 
(?liitt XI y Fiir* B 6>* At 6*0 uf doiw t!iti» lieiimt imSlstia* 
«ict(i»il«l fat f>Qbal®» ^m% otmM im idtntifisd hy %l»ljr fnaaint 
at 0»5 m ana ^^ ^ «i Adsfi (Piatt 3af Flg« A 13> (Hat* XHVi 
I'ig* t1)« Bf t}m s^pliofitioit nf hlEh@r tends tuejr %Wf« oo^l** 
^ l y da!2iai!@a mi& hmmm InSiitinifais'imbltt CI*Iatt XXIV| fig* ta)« 
MMS3JSOMM^^ "^^ sMftst Of ^i«it etXltTf mix m@fs^ram r&mdxmA 
ifitimt 8f«fi %y t ^ Bippliefttion 9t Miti@r dog«i| tiioiigh tiMi 
imtttftr !9«ifbriim va« ntptitiiMI moA naeHmm iHitta^ w fvafMiitti* 
HowTftrt %im fvmdf^tig o«]l« iheiivd vii«aoX«if grwaiil«t in 
oytopltrai fii|>tiiy«d and IrMgiiiar ttcU ii»«!!il}nk2M MI IMIX as 
lASt of «yto^l,a«s (Flat* id, Figi* A 1^ B 7 Ar 8}, 
liiiitilfrtit # I t 111 iMTfit t f ^tft,i,iiil tiHi liwtftft 
Hlmi 5tli tmtmt Xmrwrn ith hr olA> if»f« i«|MttA vUH 
taitth #f 0,5 « i , f td «tt 2*0 ug, V#0 «c MMI ft*G «g IliMlsttfMt V 
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litfft MA tfitn sfttr MfuXtiiig total hamo«grt«t ifwt «on«ted im 
2 4igr ol^ ^th latt«p larvat* I t VM fvuiil iStmt 0«5 «« <••• 
HMI fit ett—% oa tin o«ll iMpulfttJUiii* Hoi«tir»r« t»0 i^ t aai 
2«0 lie ««••• roddota ttai ta0» Bat ^•0 ug ftai 6*0 ug dostt 
•ignifi9mt3^ Managed Vim dtlXi wlii^ mv alaost 2/3ftf i^ tut 
oofitmX (tabXt 26} Fig* 15)* 
utM$lmlff 6t& ia«ttr (2% tv &3A} i^nm wif itsiiti-
duallf inftfttod ¥it^ ®a«li of tho il>oint meistloftod diOMt and 
after tlJOa# liir*io tatesfoa fhi i!»y«p«fa2. ttag© th«lr TifC WAt 
ootifitod* I t ifa« fisuiii that t!i« Inrvm twisted with 2«0 \ig, 
?i»0 i5?» ii*ia 6»0 tig iof«» *!iia i^latl'»e% lnwop mi''ft>«r of mllM 
l?i t**i r»wi«ii>®l sts •»• Furtli^ y^g tlit »T«imt»i» s%f f«et«d wltli 
6»Q tis» 3os» H$A nntf 9t950 eells/na^ af eompnvsd to SV-^ T^ O 
oeUfi/f«^ ia tfw soatfol (fablt 26} l*li?» 13). 
In thtt fioriiAl irapao of S« UtaiSif tht tgean THC vaa 
woTwroUy lo»s thaii tnet of tlit p7«piip«i ani alao that of tho 
6th Inata^ r larraa* Zt ia a^ldoat fioa tht data in Tablo 2& 
tHat foUoftfing tte lfi|««t&«i of afoti 0,5 ttg Haklitefoat A to 
tlM 6tli ifiatar la^vaOt •• tlMoo larvat dotolot* to pup^it tiw 
fi^ iforo aofo adiwrooly affaetod at ooapafod to tuooo of pwrnm^t 
am Mooat 3«oo tnaa Half of tuo ooatvoX* fHo atffooior doooo 
of IMUi iiovoQi'Mi ftofliMif ffwdioad b^o mobor of iiaowMqftoo IA HIO 
V«ipoo« THia d«0 «t/lorvo i^tooodyaono dooagod tHo hai—tytot 
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iwry acfUtAly isA in ttw aff««f»d fni|»nt only •bout 1/3yd of 
h—Mttflyf •» M 0Mipfti«4 to tht rovpeoted ooalvolt v«r« U f t 
(Tii^ 3« 26t Fig* 13} • 
( l i t ) Otffoftttiol haiwwqrte oBttato (oHg) of &« JUlMBI X«gf«|t 
gfopapoo aaft wmao foUoyiag tlio f ii1»«tlim of Aiftmrm^ 
iflfini flf iiMttttlfliiBti AidiifSftetatffiBtwi^ Ifti till liMntMi 
Mtiu,5Mi iiaafl I %% iiiaiiiMP wiiBsntttitilji* 
?o31md!3fi the inliotSon of d&f foroftt aoset of KiSdatorono 
A to t!*e ^th instar Xsm» »• tlwie laptao laonttoA to 6th 
i a » t ^ atffertiitial fti^ ffloojrt© coaittlns; Cu^ is) alss^^ tftut t*it 
iloilaniotioii of ^# iJfo'^ s^wioeyt®! ^^ BS U t t l s KS ©flwpsif®d to 
t»tRiaatocf?tts ana ot^ip o^lls* An co^arti to t ^ ooittolf tl» 
!5«ye@fita9'e of Ufo'ig i^fioeytes mw& Mf^i* witn stronger dt^ isot 
CTsfetfi '*7)» 51ili was dw« to t!i© 3«i»l«taiioe of tUost c®11« 
wtiioli x<@itsin«d wfdSA ot^r t^ rfos wet* Sostrc^d* ESiaSlar 
Qooaitiofi pf«vBl3«<i morm the pXosBfttooartts exospt In iSm 
X^nm affoetoA vith utrnm*^ dom** Tim MtpohaoaoojrtoOf 
oystoiortofl ant sphtnilo otUi uoyo oonf^ Xotolir dosl^ rosrod hy 
•ton 0«5 ug dooo wteroat podoeytoa poipiil»tioii v«i alMoot 
oooplotoly ojradUi«otoA hr 3*0 uf and stioagw doooo* Tha 
graaolar haoaotf%aa rtiowad laaa daatfuotion thaa thoao o^la* 
Tha aoat aigiiifioittt foaiatanoa and Xaaat daatfootloo ooosffodi 
la tlia oanooytolda ofoa ia tha lartaa affao^d vith atronfaat 
doao* Thaa thaaa oaXXa ihoaod 22«0 i>ar«ant iMpilatioa ia tiMi 
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^]««fl of lftrv«t ftff«etftd vltli 6*0 Qg «sei* M I e««ifHit 1*V 'p%tm 
MRl in tfM eovttvol CTftbXt 271 Fif* f^K 
Ifijsoted with aiff«f<tfit do»«9 ^f tSilt iptssptoeoaysofiti tfiB i^fo* 
fimiiooytti sfio'^ di i!iKxlffin fcisist^iMMi* Tto^ ie^ V'Sifi In t^9 blood 
of fiose i»w^tipa«| |»las»nto0fte« v^re coiaplttoly a«ttroy«d by 
6*0 nf iSo«t i^^i«a« wiaoeft9« ent lwl f toffsfOd by ^#0 uf and 
6«0 «j» «ose« ana ^f«fKilay »taisi90oyte» %mm wtp©4 sittt Iqr 2»0 mg 
ai^ ttlR^r doswis CFII?. 11|.)» MSi>o!i®»a9oytt«f oyitooytoi am 
splMiyttlt e@31s w i ^ oo^l^taly dtc!st70y«d tiwa hy th* vea^st 
doso Ci'iibl® S8)* tdifit tJjos© of r/JTfuetoS Hh instmt Xicnm^ 
tBe oe^^eytoids wore X^ast destroiroa an^ so thsso oolXs HiA 
j30oh 'hlt?3<»r |S0i«ewtaf @ mmn vlt l i 6»0 ug tojw a« (K»!i^ i«p«4 to 
QOiityatl* 
l!i ^Sm affestod ptipao laoiiltod ffoa tfm 6th lottiir Isrrao 
injeotod ifitis diff iyt i i t dotot of uliytoaodiysoofti tho total wmUmT 
of hae«i>oyt«i «»• aaoli lovor ttito ttint of mf ftotoA pTo«*|i«^ao» 
yot I3ie iiiMl}9r of pfohaoaooyl^s donlniitod ov«r that of otlMr 
oolls* The porotnt&i^ of ptawiHitoeyttfl boeam loyo by 1*0 «« 
mnA ttrooser dtostti (TibU 29) • Aidt|>oh«t«OQytO0» aytto«gfto« ani 
fl»hofiilo 09lt« vtfo oeaplotoly abtoiit* tht oooMytoldlt oarviiriA 
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t}i« ^fwiDtttg» of dtifrsffsnt l3f|Mit ^ haeaocgrl»« 
(Dtffsfttotlatl. %mw»fS9^ oount) of 6tii li^tvr 
XfiTfHit pfdpitpao ^Kl popai «f &• iMLblSft foUoifiJig 
tlxt iaJdoUos of ^agiKMM &mma of Hftiiliitttoao A* 
iBtot* Pica in 6 ^ ii»itir l^ arvso ««s f^Uowtd 
bf tim iajoottoii of 5tti tmtmt tmewm* %lmmm 
ttmt of pmwP^ ^^ impaoy nifo f(ilI«ifoi ^ 
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A CA mimM^f^vmatm) tor ^Na <^^IL 
Differtiit <S9s«t of Mii!c&iti»ron« A nort fed to 5th ifiotar 
thrtm {2h >w oM)« T!i» dot© 8 '?i«i« t ^ saaii at mtod for injoe* 
tlofi ant aeotienod l»ofofo» Wfiaii tftatod IMTV&O aooltod to 
Stft ifistap sodl booasNi 2 ds^ old» stalmd blood sawars not* 
|ire|ias«d suil stodiod* Important patliologioal, ohangoo art 
^osorlb»d beloirt 
fra!Tf!r"¥Trtfr" FatholOEle^ daraaft® wrm loitlated vith c#|^aiw 
snot of a f€V o^tiiplajioio vao^oXos* Host of t^ose oolXo had 
roptorod mud irz^ptXar oelX n^odbrmnof vfiHo in aon^ oolio 
ttiof® wm Almfmm^ of OFtoptmrn at •pX&oi9a emn ^ 0*5 «tf ^oo 
(PXato xxzHi FJU* 3 13* ftix>ti}9r dwai^ o ooooirod iqr t*o anl 
2*0 ttf doott (Ptttto lOaiZ, Fir* B a ) . At V«0 ti|^l«rvfty tfitfo 
Vfti loot of eytoplats in R019 eolis but tli« oeSlo ooold 9t$Xk 
lio idoatifiod* By 6*0 itt / i«n»i, ooat of ttieiio otUo wit* 
domfod but OMO otilo t^wmd ftslotufieo to t^tit hmmom maA 
voiioifiid iattiot* 
f l i i i l l f f tTTl i i i ' ' ^f ^•^ og/iorvfti in veond snail plaisaotooirtos 
Oiioioi iMitsat oxtfoiio]^ ooosotrio and isaflgr saali iraoooloo viio 
AwnllmmA i n tha ^topUwi* Bot in otter tirpoa of tiossooytto 
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| f ]At# WU^Jf F i t * B 1)* At 3*0 u« doMf tlwr* vat a eauplatt 
4«aai« of a i l a»r%« of pXana lo^^* aieci^t ^im naitnl anail 
eaXlt vfilah atsmiaA rttptuiv^ otlX mmwvm aad dlaoliavia of 
eirtoplaaB!* By faadlog V»0 ani &*0 tig (Sosai oid^ y foiiiiA aaA 
SRMOI pla«iiatO(^rt«i oonld iia Manti f iKl by tnsir fo^ialiMi* 
iMGkfi£&il^ <* XngestioQ of 0*5 tig Haldstefntit hod l i t t l a @ffeet 
on ttiiso «mXli Cnatt XXXH, Fig. ii 1)» Fiwtlicrt !^ 1*0 ug 
tJosOf eatt laaM^rant vas niqptarod* I r v o ^ i i r prooaaaaa doiralaiiio^ 
itt tSia atjoylt^ of t!» oells toy fteaaini? stfo?if?er iloaoa meA 
aost of t*^ c t t l feaoaw l!Kllstl*i*niisf!abl®' (I*la1^ xidlXi F1^ »B 2) , 
irfllBlitf llffliiaacilait'" r»matUw d#v©lop«d in thsijr eytopXaan 
aM mseloi b«ee»a irrapilap liy Ilia intaka of 0««f ug ioaa* At 
1*0 ttf «ioaa imolai atartad disai$paarl?if» By tha l!«iaatio!i of 
2«0 lift ^osa ftnarally oalX vmmhv^am baeaaa jLpfopilar and foldodf 
wliieii o<5oa«iOfia3l3r repturad* Honovtrt af tar aat i i^ h^O n§ aaft 
6*0 ng doaatt walority of tiaaaooytaa vara damgad ooHsptataly 
atoopt a fav oaUa vMLoh ooiil4 l>o idantiflad liy tbair raptorod 
oM^raiia and dlaai^oariaf noolol* 
lilllltfttriiTltirliff* 9y O*? ^ doaat tlia oaolai of tuaao oalla 
h^mm ro^oad and oooootfio (nata XXXZZ, Fig* B i ) . At 1*0 «§ 
doao ^km ooU ataiibffoai of tteaa oaXIa otartod iviptiirias* By 
hm9 nf dooa tUtao oalla dlaippoafodt Xaaviag oflily »aaaot of faet 
ffioboloi* 
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iaiMtlofi dt 0»5 ng ^MM CPlat« xxzn. Fig, B 1)« At t»0 «§ 
l^»t» 99*B9iikmmA9 wm&m1m» 4«f«lop«<l* Bat tqr f«tdiiii ^•^ «§ 
d«t«. Hi* a tU miiirimi ^ ioa» otUi f tartt^ mp^nUm i^ t 
l»1.«««t ftoi dicdiiaiittf tlMir eytopXftiti anS naeloi b««aM fmg^ 
ntnttti ( t lat t XTCOT, f ig . B ?)• ny 5.0 i^?r iSoso fm^oritf »f 
fdB • • l i * pfCMint in tli« fm«9» efna^^B, mnlMttmm anS mtaaifiQ i^ 
ifit«it« 
v«t dlf *"lcmlt #i^n Isf tilt intatie ^t D«5 «I5 4o««« 
flC liitffftiftTtlfe ligtwiiLuaf Hafctiifttniflit A* 
inttar larras (2^ hf old}« emt«*a fallowing p&t^logieal. deinaic 
la tiw hfiflosoytes of pr«pu|»at ot}taiiM<l fxoa tlM tr«at»d lartac* 
t* Zataiw of 0*5 ug^ tisartm oeutvd ftiyanitioii of liig 
•rtoiiXMMiQ ve«tioUt in flMt of thoso eoUo (nato XXXXX, 
?t«# B 3)« Hinfowr, <•© vg sal 2,0 ug aotoo ^ lo nq^tttfoi ooU 
t i i M r w Cnoti x i m « Fif* i t^), ^ i>.,o ug dooo otU aMftrooo 
VM fii9tafo4 in wot of llitoo eotlt oo mXl ot t!iifo voo intoo* 
•i io t^oiPOlofMOOt of iftoplooalo vconoloo* tn ^itiglo ifii^ol 
ooUt, ooU wmtunm voo oo^^lottly d«itgo4 vltH dlootmvo i f 
OFtoptoiO* 8]r 6*0 ttg tfooo soft of tlioao ooUo tioyo hotiag 
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«yttfl«M« Xa MM Milt ttytQfi34Mi vaa gysaolftt^ tf Afonal Hw 
fl^ fMfttftjHrt—t^  Qi&l. flmftipafM imt rtif»top»d in all tfw tftaiNi* 
of tilasaetotrrttt mnS nott of the ejtoplBam «r».f d«itf«y«d Isy 
O."? tig a«>3» (Flate icxm, *"1'^ # " I ) * T«lop!iaie staj^ %«« IMII 
in sfflAll ftmnA |!l«ssiitiie3rt«fl« Bf t*0 aM 2»0 ui? ioii«s §3^ Hi* 
plftsaftt#oytt8 %f«rQ daaag«d iiiidi tlier* vat no dlff@r«titifttion 
be^ Mi#n intel^i m& eytojalata (Plati :axily > ig« B )f)« HeMevtsri 
ttie^ r omM im iai9i3tifS«d by t'l&ir msskm In thQ hXood sneairs 
of arr«et«il pwp^i© ©-wia ^ h^Q vig Oos® foal quit® laftiitlj*» 
«iti8l3atlile tfy €(»0 ug dome 
iMsmM^** thestt 0tll« imjfci cNi^lttdly aiadiag«d aM diffioolt 
to ia^ntlfy ®fiin 1^ tiw intato ®f 0#5 tjg a0»«# Tii^ biiewi 
i!id[istl?iiml«lial>l« ^ Hifrli»r ^asts Cl*lat« XIKI, Fir. B %)• 
ftramXiC.ltMiaPffrlaH*^ ^n mnt of tlWM ottllt mtolmit HisapfMMffOil, 
0911 flMRiiliiwMi ^ onm iifOjpilftjp aiii ftipttiFod>« Mau^jr anill 'VMRMK 
! • • do'itlopoa in o^rtoploffi hf ftodin^ 0*5 tif aaA 1*0 «§ doaot* 
By ?«0 a^ f )f*0 ttf onA 6*0 ttg doMo aott of t ^ oolla vofo 
ooHplatoly Ammm^t Ofl&y • f«w donldl bo iilontiflod by t!»it 
foaoint (flftto XXX2I| Fig* 3 h}* 
MiMHiatmaxMtfi'' ^Htao oallo wofo ooqplololy dootroyod looviag 
tlioiy laprotiioa oiiS|r« •«•» by tbo intate of 0*5 ut ^MO* 
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ifttlilMHit WMIMIS lMi«aai •ztMtatly ••otatrio aafl iimUi^ tt in 
•••% •# iitmm mil* (VlmU XXXIIy fig* B 3)« Stit tn io«« «9Ui, 
WB10L wnnSs^ttsnt wM ruiiiufvcl mi wnnm tPftgsPl&p oiii fslUtitt* 
By 1*0 ng^ 2*0 tig doMi fiit«l«iEis ttartsd dlji«pp*«riQ8 In «•«% 
0f tlwttt otIXi fUKl in aoat Q«lla ^toplaaa w«a di«eliarg«ft 
(PXat« KXIIXt Fig* B lf)« Bjr WO ug dote, in ^ t t of th«8« 
mtlMf mftX mmmttam vai Biptuf«it folded maA brnvmi inragulni't 
l^eT^us tfms frapientot i ^ aisifittgifaf^ at ifoXl as oytoplsmt 
buoiBBe dimimaat^ i* ^mmvmr^ ^ ^*0 uf dost dis^iiax^o of 
Oftoploim toole i^ti^o in imut of f^nii oetXt* 
Siitgfly,teg,.i,ayKl M^imls ,g^ aiilgt«> ^fm ^t& v^ry ntns i t iw o^Ut 
btORttte t^y w»f^  destroyed awn aft»y tHt into** of 0«^ ng do«t« 
ftC i.'iilffifMti iitawii ftf ^ilililiiyiiiii A* 
kft»v tfm fi9«di»i of fmiamn dosos of tMo pfigrtooo^sono 
to 6%!! instor Imrfm (2W iir oM) fol3.o«7i8g pathoiogioaa, dsuifo 
«0m9mA in Hko hmwKtoftmw of 2 dty old pvpm§ dovolepod fft* 
I* By HM intolBt of 0*5 ug do»«« ooU fltfltoroiio ^ 
oiily warn ooilo vat mptoMd vfioroai that of 1*0 ug doao 
ft^tttffod tht mvlbfm of ooariy aU tlM ooUa* fwtVtnr^ tho 
iotolM of otvoi^r doaoo pfogrttoitoiy onliaooad doiroXopoont ^ 
•ytoptOMlo vaoooloi aaS diotfliar^ of oytoplam* 
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fllMltWITtH'' o^>>y ira0fm%M <Nrf»l«p«A i s tDi onrtopJbMm • f 
mllX fomid e»3Jia imil« M U attfbmuit WM inpltirwd ia ry«lfM« 
f lMiiat9i9te» t:^  t3i« iag»®^ofi «f ^ f ug ISN»M« tut prntmUmsBmA 
mnflitiofnr laertMsd vith ftlfttiipttljr 9tsewm%v ooiie«atratl0fi • f 
Imftaont WBA Vtmtt bjr f««dii!«r Mirfter dos«St pXa«isatcK»3rt«s of fOU. 
fov»B Memir inilistini^lshi^lc Qxmpt m. f«w small vmtiA &9XX9 
%#hleH cmtia h9 Metitlflad by t»i«lr iwnsliit (Klate tnn^ '^ Ig^ B 6 ) . 
^mmlm eftaplafia (flat» KtllJ, Ftf# B <)• y^ 1*0 ttft 21,0 ng, 
XXtlt^ *'%%• n 6)» Only a ftw <^Ila oo«M 1s« ld®«tlfl®d fey 
tts^ir «^ 5iiaifi8» iitjt tef 6*0 m J^OS* «11 of t!i«a *)©«««« tndi*» 
tl^ti^lstiidbtlis • 
f^ Y..^ i^ ii* »i«.i»«>«iwrt««t^  la aost of tUBMi iMlla, «ell matovvm 
vm rQ|>to»id ami b««aai lrx«i»lftr ^ ftt«diiig 0*^ ug dkiso/lartA 
(Plmtt : a i l l , Fig* B $)• Fttfl^trt ni«lca« ttorttd dlsintogrfli* 
ting 1^ 1*0 ug do«« «BA )iy gtiOfigar (lot«e alii&at all tli« e«llg 
vm d9«tff^Mi 9«ipl««»Iy« 
jl4laa2iMnftili<P« AII tiM wiit «•?• (i«i«g«d rvtn ^ tut ttittini 
of 0*5 uf (i<i0«AM*ts AHA wtft foiiitf in tiia foi« of dobrit 
(n»t« xxrn, Fig# B f}* 
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twMm tiitfll.*!! ant •ootntilot a«Il mamwrnm vm ixv*paar «ai 
fs^UMl mm mix •« fytqplMm vne gmiiiilfttea and hstii^ mmoff 
'9mam%M9» Sjr t«0 vig^ 2»0 Q^^ and h»0 uir <!••#•» <i«lt atgiifwii 
WM fopttnwd* Ooea«ton«l.l]r diseHnrfft of m^tmm Ifi SMMI 
S»atacirltt mt& a fgra l i wUt f tnemi mtln mm mt mmn 
in t^ sofitxollnd impatt* Tf»r«foy«, t>» ©fftet of Wii:felit«roa» A 
eoiiM not 1>« «t»d|jtd In tueaa e@ll«« 
Cit) fetal ^a»^gyt« ocmtita (TlID) e»f &» lllagft lasntm^pr^pv^mt 
MuftB (if itiiiiiilitiriaat 4 Ci>„BitiylBfiiidyiioai? fey 1 ^ lari f l i i 
aCi lIBlTiMmiSi 6111 InitaBfiiWiawftiltliiiiliy* 
FflOlmrii^ ifi^atiozi of @^n 0*5 ug Haieist®fOQt A i f 
aaeti tBrm of )^^ ifwtart y^n tNiao Xawao MRiXlod to 6tli 
liMtarf ^10 7Hia iffto adforaolsr «iff#«to<i mA stiotiod i3«riBt4 f^U 
at ooiOpagod to oof^ foS.* Tht Xarfoo affootod vitli liigNir doooo 
mmmA fm%if»T fo^^tdoo is ttwir tm ana tiioao affaotod wi%% 
6*0 og l^aapfo had only ilieot f i fty fevooot of wtU «• oo^^aiod 
to tlMi ooiitvol (Ti^lo 30| F i i * 15)* 
Witli %h» iofoftloii of 0«^ ogAarvai hy tUt 6tli lottar 
iarvatf iotor lo tlw pfopipao also tiit TB8 dfoiypod oa janoamd 
to tliat of oontvol* tuMm of f #0 xtg, ?«0 og* t»*0 «§ and 4»0 o i / 
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Immw* ffmB t9w DtcimpM «rfv«t«<! vitti 6*0 ug MakU^ftMiiiAivvt 
iMd tlb/mt t/3fd fiMao«yt«i l « f t as owqpaMd «» t in oontivl. 
(TaliU 30| fig* t f ) * Alaott f ln l lar efuuiist p«rti«ttdi «p t» 
pupal »t&m and tHva affaetatf pf^ a^a ahowad faUing IH; ifitli 
tvapaot la appUaation of oonpaj^tlvaS^ atrongar ilosat (Figtt5)* 
Canaaqtiatttly l a tha affaotaft pt^aa hf 6*0 ug dosat only 2*900 
haanooytaa^an vara Xaf i f vhloti %ra«a laaa t-^ an 1/3f<A of tliat 
of ^la mrmaX pispaa* ifen tDaaa oalla %rave laoaUjp xaao !iilaaaB3La 
by livaiia of ^wix* faflaOina* 
Tfit pramnt data vaiwal. that tiy t!i© lagsstlon of aqy 
doaa of iSem pmmn% piQptoaedysone i&aoi liaeiioeytas «m diseiagad 
aai destxte^ed tsaolt int^nnnlf m ocsipafad to tbE» inlaetioi! of 
tlia aaaa ^ ^ n * 
( H i ) Diffaganti«a> fmaaaoytaa ooanta <PgG) '^ ^ | * l^f?^f1! layvaot 
BIIBIMPMI Bli i1Httil§ iftdl4MMiif I IMII iilllIM^ 
ftJtfllirtBfe iflttm ftf HifltlWiltWIttl A lullMptBlliififliYIM>Hili I IB ttMl 
iMfUMI iiftf I lU l Iflfl §llliii tflltftfl flMMtillMlite* 
fiilowiag tHa iotate of aiffarant doaaa of thla plirt** 
aodyaona to tha 5 ^ laatar larvaa (2^ hr old) tHa aaoXtad 
larrao to tlia 6 ^ ioatar ik9k hr old) gaoaraUy had atihMiaad 
paroantafa of pf>oliaafl»oytaa vit l i faXatliralir liigbar doaaa of 
iagaatad hofaoaat iadioatiag foalataaao of ttiaaa oaUo* 
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f iblyt 30. total. tHMMWigrti ms^B It0@) of MmAa9 old fttd 
iMtur larf«i oT A* H i m aottX%»« ttm $lli imttv 
XATfas foUoniiw ^n lagottiofl (ft«4iiig) of 4ifl^f«nl 
Oooto «>f Hftltitttfoiit A (iri^totodyaofit) as wtU «• 
prnptae^m mA pupoi noaXtod fvm tf«a1»d fitli ioitor 
Xitirvao* 
•MH» 
P090 in$/ltett^ 6tii taotar 
(iaaft TeSno) 
ffovapao 
(ntaa Ya2»ai iac/a«3 (ifaaa vaSno) 






























Fig* I5t QrmU 0v!nAn$ ti» t^tisl tuMmoofte eomitt (Tic) 
ef S d@^  oiA 6tlt ifMitfUP Iwatfm 0f Jl* JJUtafil 
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Hdwiivrf p3L«f«atotyt«f «•?• pr9$ir9BBtmly twSHiag in tut p^wma^ 
t«i« «• ttffOQitr Aoftt «•?« •«!•«* I t vas uiilltoi that of 
iajtttiofi iMtHod* Sphtfui* cHilXt and ayitofQrtta vtra oMpIotaly 
daatfoftd 9Taii fagr 0«? ug iloflo aoA adlpotiaanoejrtat Iqr 1*0 ut 
aoat* Al,thoiigti pc^ooytaa v9re also z«dtio«d la parowstasa bf 
tha itita^ of lilgH^r tloaast gramailar fisaisioQsrtas tsnasuaUy 
ataovod mwtwtmm* Omoc^ toiidB I^pgeljr axlstid ^ iotnot eedUff 
©van afts? tlje iitalsa of nteonmv dose. Const ntOTitljr la vlaw 
of a^o .lastruetSoa of oti»ff ofsilSf tfie otaooftoliS© tmr® la vary 
!ii?^ li «©y0antEi^  la tte Isrvf^ sffeott^ bjr 6«0 %w aos© na c»ifS|»«r©d 
to Pw eontffol (T^WLm 311 1^^ » 16) • 
Tihea t ^ 6t1i Instar Isrvm atB different dof^ na of fJila 
p^too^ysona, la-^r In t*i€» f)vmm![^m t ^ !^ rof-?!itai^  of prohaa-
laeeytas wa« aiiri^s lili?h@r tHim that of the ooatfol.* F^ptliari 
aa ot!i@r mtlM mxeh aa plaasatoo^tast poioeytstf ailiio i^fia^oe f^tast 
i^atooytas »aa np'mmiiM oella ^ro daatfoyad l)y tiia atroagar 
doaaa iSm rtalataat |)fo!iaaaoo:rta8 vara la Mghtr paroaataga 
(labia 32t ^1^* ^6^* ^^ ^ oaaoojrtolda iraalatadi la tma ataga 
alao* 
71m pQpaa aouXtad f I«B tha 6ttt laatar larvaa f^tilali ata 
irartaua iosaa of Maklatafoni A» Attioagh tiia THC baaana laaa 
than that of ttia ooatrolf probaanoaytaa yr^ garwrally laaf 
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maibmf m tht ooiiotatfAtioii of tliie hovMtM va« ltmwm^» 
Ttnsf i9*ild«e eplitfvilc e«Utf «]rsto«yt»t and «ill|iolia^»«3rt9«| 
pliii!i&l»9]rt»v imw mm afftet^d o«Xlf* 7i» <i«fie»e7toid9« •t»n 
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fig* 16* HistOfi^mi s^ nwing tH® mm^fmtkm 6hmm9 %n 
the immentagt of diftevrnt lfp«« of hmmtof^n 
(Blffer«iiti6l hmmstvftei ooniit} of 60i Inttar 
tmtfmf fomptmrn sM pupai of jg,* JUfiasa folXoi^ 
i!iig ^i» f9®^i!)i of irsrScmfl ^oat of Haldstiirtiio ^* 
^ f««€itwj t© t ^ 5tJi inttwr l*rfi«i» yi»yea« 
that of f7@fi!|)a» su^ piapao iitfo foHoirad la^  
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(||} H, ttltfflllllltlil* 
mmmSBSSSSSSmSSSSm 
(1) Fnl^lAgieail %ff9^ on tut fiMHttOFtaa of 1* Mimn&liJhli 
fiiltmifiig tha ialaatJan of Aiftmvmnk da—• nf HafctatoaaiMi ^ 
Jfll^ nftMaflTlttM?* 
dritofiid in east of TUg^ ayoorit «nS Trioi« 7 ^ <tat8 VQI?« bastd mi 
^aiit&ti<Mi mmwAmn of a fii3iii>«r of ttsdittd i^ xuparatioiig of 
b1oo6 drmmi fyont oa f^eml insoots treated with ^weh. doso* 
Trm pat^losfioaX oonAitiono of diiff«i<@tit typoi of eeUo 
«©fo eouflwsa toy QO!ifiari!jg t?i8 staloidi l»loo^ sif^ awi of troatod 
if»«ot8 ffoa t!io8t of uotyoatod inotott ai vt31 at txoatod 
^siXh only aeotons of tbo nmm stago ani ago* 
SmiftiwIiiiiftCiiiJIay aJA Itft litnittr ififHUtrn fnlJifwtlny t in 
Itijifttlflfi flf iifliTii.iteii ttt Irff tafiiittiM l l l i jiiniiliMffi Iwmifiy 
thi patboiogioA ehaagot ia diffovoat tiaoaeojrtoa aro 
doaoflbod bo34Mri 
tMiili9tmtti$t^* OUatifoa wofo no tod OYOO Isgr tt» iajootlon of 
ifoaliaot doao V!»B aa^oiM boooao aeoantriot Oliioaatlii oatoriail 
vao Ikfoliiit eaU, twMMpaiio vat raptovod waA vaoooiot apinoafod 
in Hio oytoplaoB* SOM oSllo nofa otoo to hafo inofolar 
onolono (nato t n , Figa* 4 1,2, A 3)1 (PUta iCinr, Pig. B 1 A t)« 
By 1*0 og dotOf airoady roptoiod oali watoyom iMioano irroiuiav 
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idoMi f f t t tnl t % tl» apfltiifttloQ of a»0 «g aot* only out mt 
tw» ootlt ooati !)• v»QOSfii»tdt ottMfwiMi fiaflj|«i» of witt 9i 
Vtm mtt» WM goofi mwftmiAwA %f o IMn 34iar»r of vftonoliitod 
ef^a^tmm mnS R fov ir»ei»»le8 isv l^opodi in tfit mioloitt Cflato 
« 1 | F i iS f B 1 , 2 a 3>l .(l*l«le IX?, F i g . B 5 ) . By M^ftsr doioo 
no8t of %^m mXlM imemm tv&imtttm^tahMtlm tntt mmm wibmmA 
aitotlo Siirisloii ttiot^H o iH f^ idsyiifio oiiA fHioIottr latnibvaiao 
£3igliildaliA>« flMii!^  oiHo ooiUy ^^nod Bqituind <s@3j. w$^rm»f 
ooeofi^ t^ io iiR2<^ @iis @ni ais^n^od ira«»«»3iateA 8i;r^^»>» ^ c ^ 
l^io @fft@t of ii@si»ot iSoso CPXato i H f Figi* ii i# a f }$ (Plato 
%%?« f%m» B I t S>« % tilt i8|t«tioii of 1*0 m ^OM In »ost 
of tlio o@llo 0fi3.y tXMslitts %m» tmfU By Mpe^r aoses lilaoit 
lOl 0013.0 ^ooiMi ini&otliiittiOlig&lo iffiUo a fov of ^Mw lAiovoA 
id^^tio didivtson «fii ^toplaumlo Imtgifm (Flole icXXf ?S«o« 
B I* t 5 ) | Cl'lfitt 1EX?t ?!«• 1 5)» 
f y i i M l a * tup iMJuyf . 1 l y 0*5 Of aOfO t l l t f fO oeXlo bOOiMO i r f O f f l t l o r 
ona oom ooXlo ohowoA oipiiltlOR of tfoiiolof (Plalo I3Z» Fift* 
A 6 A 7)1 (Floto XXTt Ftff, 8 2 ) , By 1*0 Oft ^*0 og oai WO og« 
aoo% of tlioa stioiiodi nn t^oyo^ ooU. ao^rom ofil oi^ololoa ^ 
groaoloo oldUo ooao oollo doipolopo4 biggor YOOHOIOO io 
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vitliMit ifMwlttr oxttosiAii Hioofti tut o«Xl mntormm wtm •ii*«iiy 
bfolMii (Pltttt XX7| Fig* B U)« nom^wtf hf %1M inJ««tioii of 
6«0 ttg daift itll #f ^mm emUe vmm d^mtrof^ik «fii ^%wm 
iai i t tlnivlffliifelji • 
SittMUlalAftt* Bgr ifij«otifig 0«5 ug doat to fm hopptrsf tlit 
fnelei 0f ttisst dollt bte&iit IrveguXar mad stNiUtiif e t l l 
fstfldivtiiit imi mpttiroa at p la^i and e^t&pXmm memt ligrlUiii 
and ir@ei3olated (flatt XU^ Figs. & S il; 9>» CFXatt XM^ Fig« B 3)* 
By t*0 tig d9»t £iaoX«i %me9 pualu^ to ftcoantrie positloQ and 
b«08m smiieiiliat eXotigntid* Mitotie diirifioi»i if«m id.to 
obstriRftd* CelX isM^ sibraisd b^tme foXdod and Irrepslar tay ^#0 tig 
aos© (Plate nt^ Fif^s. B $ #. 7 ) , (Plato ICXT, Fig» B y . At 
l>»0 ««? aos© oiflLy a botiadajy of ^allns eytoplaara oo^ ild bo 
located BTfmtuS. tho »wali«» and eeot!3trio naelotta* ilnuoliato 
twm vas slao m»n* But by 6*0 i^f doto aett of tftooe oollo 
abovod yuptarod ooU aoaftnrant and nttoloar laoaibfwit* In soma 
oolla only rmoleus vat pfotent while eytoplatn vat ditelieivgod* 
gMMOTttl rif 1 im UU Khllt** tt» bttaocytta of 3 day old 
Miiiltt (both oTaiid J) oatfftd froa 5th iattar He^part vhioH 
voft tfoatod vim aaeh dott of Hakitteroat A (a pbytooodytoao) 
voro alto ttiidiod* Tht itportaat ohangot afo doteribod bolov t 
CaUiaililuaJfaill* X^ it m^loiit of ttitto thowod oxtioat oooontvlo 
9^titiOQt ooll aoabraiio vat fuptiiyod and oftoplatn booaat hiflAy 
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X3[^ « Ftfg, B 6, 7 & 8)« But by 1*0 ug doM^ oal^ a fan otlla 
irtiswe^  i^ta^t e»lX BftHibvaiia %rhili najwritf of aalla hafl 
mptarad swabratia vitlimit loaa of oyfsofplaMi* By ^«0 ag aad 
'4*0 ixg iSoses only a thin lajrar of vaeuoXatod oytopXasa audi 
buXgings ocmld tm laofi avouni the miislaiif (Plata XXII| Figs* 
B 1 a^  a ) | (natd -itf^ Figs, B ia a nU 6*0 uir dosa ema«<l 
further Heterloratloii in tfit eeXX« imt titaiMr c^uld ba Idantlfiad 
tiy tholr lapratfrioii of ealX mmhvmm &xA r^amtXatad t^toplaia 
arotiuft the aaoXims* In sots© <j®XXi mioXetsa was tiwa^ ad «jat« 
Btst Vnm ocHspssratl'Vtly t ^ s»»t yeslstnutt mVla in Vm wm&jt* 
£XaflSffiSafi££iSI<* I1»sa eeXXs %mw9 affeo^d tn^ en ifey 0»«? ug 
aoie s^ iowinr ruf^ tarofl oeXX !*iei3t>ratB wiA dtstmstlo?! of iracaoXa-
tad eftcmXaa« (Plata XUX^ TX^B* A 3 ^ Mf (FXata XX?, FjUrs, 
B 8 il 9)« By 1#0 tig doaa ftialfojwi oaXXa %mm ia©«i aitiiar ^ 1 ^ 
liyaXlaa c^ to^ Xaan or daatrt^ad oytopXaan* Solatia teeioiB irra* 
itiXar in mm oaXXa* By ^ghar doaa a only mioXai vara Xaft and 
Uia owllt h90wm lodiatiogitialiaiiXa (FXata Xlllt ?ig« B 3J1 
(FXata XX7, Figs. 8 II 4k 12), 
fl>ifca^«> *rff**f^^^^ Tt»aa eaXXa wai<a ooat taoaitiipa to tl» 
harMaaf iMoaiiaa thay baaaoM Indlatingvilah^Xa in thi ad»Xta» 
•^n by injaoting 0*5 ug doaa to tba 5th Inatar taoypara* 
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•ad oftVQ bilolMidy ttwlr oell atabrane fuptuMd and ogrtapXaaBt 
ba f^loa iSfaUjia 1^ tM nf^lOAtloa af 0«$ ag ^ M (Plait XII2t 
?iia« A 5 ft 6) I (Plata XX?t Fig. B S)* 
% ^ f e r » aaitiUGtlon of ejrtoplaaa BSA b^ l^gingt ar^ pearad 
1« tH« ael l t affaetad l>y 1»0 «ft aasa and 2«0 urt ooigpXatftXsr 
aitlnteippatsed tht oytoplawt (Plata X I I I , Figs. B V * «?>t 
(Piata XW| J^L|r. Tl 10)* T?» Jiaxt !il?^©r data antlfaly daiacigad 
tl!m c^Hs* A fm daiaa«?©d eel1.s» sfimiad riltotla dlviaiaa* 
(11) ftit$X liniaaeyta counts (f^o) la 2 * BlgraiiTilii,lili,» toUm^ 
feiCi.i<5?iB.iiiiiilcot)teiiHflC ^ii3XCtiffll iQffgiittf Hftfclitaniirn 1,4 lai 
t l i i aff tot of la|0otlo» of diffarsat >o8as of Maklsteroaa A 
aa faantloatd baforaf on tha nunbtr of total tiaeaooytos voa 
kaovii l»3r Itijaotiiig aaolt doaa la $^ lf»itar Iw^pajr M tae old) 
aad titan 3 diigra aftar ^aiKaeoytas ymm oountad fyon tht l r blood 
oanaplaf* SiotUarly vtiaa thaM tfoatad tioppers wtaaovplioMidy 
THC ifOfo Bittda la 3 dtgra old odalta* 
TiM Tiv; of 5 <loar old 5t!i Inttar Iwppori tdil«ii wofo aa»» 
l i a r (2 doy old) liijaatad vitD 0* ' air p^toaodyaont/boipDartwat 
offaatad botli l a tiM aalt aa wall aa in faaiala tiopp»ro (tgbla "Sk) 
aa aaapofod to tht rttpaativa aaatvalt* Tha niMlbar of tiMi 
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to 9111 &iittir liap^tr < ^ Hr olA) • 
Dott C nf) of Ma3ii«t»foiit J / fotiil liQt«ieylo oOBfl^  
Mailo f^nt i lA 
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(aiil# Efia f««ai»5 OlMiyiii ffo« «?tti IfWtir 
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iMMMi^ tat VM Mlfttlwlgr •Milltr vlldi •tann^ie AamB la Itotli 
• • » • • TtM TBQ of ttw mtmeU mi m i l M oontvol Inppert vat 
f9ii6f«&lli|>^  fiRioli li&#i#r in ^m imafdm» ttiam that of f^ nalM* 
Haxlttua fiAl in TiC of aff»etotf hoppero wm by ttw iii|«9tioii 
of Btyonfwtt doat whloti roAtiood t>Hi Q«llg to wSbw»% ono h«lf 
in t ^ ifttlot ana ont tHirA in tho ftsaalAs a« eoaparod to 
7«ff)dotiini t»rs©l THc (Fi»» <? A># 
7!i0 IH; of tfm fiffeotoa adults VM also marlsidly reduotd 
in t»otti soaeBS* In tfi» normal aAultSf bot^ i m3M9 and fianloti 
t^ TIC tfas lotior^ooeipuevd to tho norotal 5 ^ instar hoppersf 
@8p@ol^ Uf in oaso of fomalo c^^lts CHa^o 35)* FturthQrt 
tl» Stilts affootod vitli styong^st doso Imd asjdaiM foduotioa 
in TUS* tm maleg liaiS alaost ono tMrd X IC Vli9r«a« foaialoi 
sfxHfQd l^sB fwn tMs ratio as ompwrniA to the rospsotito 
naraal iii^bsr (iF^ i^ * 17 B}» 
(Hi ) OiffOfSntisl HasMOpytt counts (tm^l in 1* JBAJMOMSilMMM, 
In t!M !M1O liBiip«rs (? day old) of 5t1) instar« affsetod 
witli 0*5 tif doso of ffsldlsterono A| tf» granular haanoeytos 
vsra ooaplotoly dootrsgrsd wliaraaa ttioso of thi foaalt Iwppars 
of ttia QorrosponAing oondition rssistad tlis affoot of tliis dost 
iNit tUsss osttM nst ssrvifo foUowing tm injaotion of 2*0 ug/ 
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tiotli • • « • • (3 4iiv 9lAl ••tfg«4 ffOM ti l* 5tli i w t a r hopper* 
(Ii8 Hr oM> inj«e%t4 v%%h @v«ii 0*5 tig doM^ a l l ttw granular 
tiM«My««a M l * l««ldiig ( fabU 36 lb 37)* 
Thi plftSfluitAQjrtat of botli MJOII of $ di^ ol4 iwppeps 
W9f<i ooopl^talir «ii!iilat«<l hf ^•Q tit iom wm \mVL a« atfoogar 
doses* I n tixt adult* of botli aasts affaotod ^^ tmm doeoa 
alaoy tlii fXaimatoflgrtot vara oomXateljr al»««iit« 
^8 ragafds pfotiaaiaaoytaa t l i i i r paroantc^ i^ a inoonslstontlf 
rmH9^f l30t!!t tiwpiwira and adtjltir itff©etaa id.tti nit doaea of thla 
i5li^ t?i®e'tjs^?it» ^tswrnr^ In tfit 5t% Inatar l»fm«r« C? d?*f oia) 
8« noli as i a adulta (3 di^ olil) of Itoth aaiiaay affeotad vitti 
J*'»0 «t flfift 6«0 ng tSoaaa t ^ twjMstntaga of tfitsa eaXla wara laooli 
uue 
fadttCNid nt o»«>®««A to tht fvapeot^oontfola (fafolaa 36 « 37). 
Tlia oanaeytoida of $ 6tty oM lioppara gwaaralXy ahoimd 
Itiosaato in tlsalr paroantafi la ralatloti to tua applioatioo 9i 
aoriaUy atroof^ar doaoa* fhua H M hoppara of botli aoxoa ($ day 
old> aff»«tad niMi ^•0 Of and 6*0 ug Maklatafoaa A havo al4|0i» 
fioantly tov^ Mgli portaataga of tliaaa oalla ia Iwth ooMat 
altHoui^ aoat of ttooao doialoiKMl patHologioal oooditioii tout 
tmn ooold )Mi a t i U raoagalMd* Sisilar patters i * gmaraiUar 
pfOMot ia tHa dliO of tba aialt of bolH ao»a oaargad fran Vim 
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itf«»al«g* of o«tio«flei^ •il^«laUjr in t^« laMiett •ffiMitttf 
tn flMpXtte 4«ttnietlftii of irsaalur hmwovfUWf pl«m«to«3rttt 
tiam •xist«fM« of 9ir*n aiiasfrod ooooeytolds CTabl«f ^ ^ 37; 
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•^ ai*cg«ttQ» 
CftflflilllJi Cc^ u<9«>t«v«ici»!raciiMiM }^, MjHali mulHliilii 
(CelAoptttreiCftfitlMup&dM)) g«iifi«a««. |^;^^<|ff (Inipidoptirftt 
AfQtiidaa) t ^f?i^*fi>* U I B C A C^ti^toratHoettilda*) anil 
Ultwrtipyiia .lilffilPffHililtMi 0H^mtmwmMitMUm} owwoiay 
^fpet Qf ha&isoejrtit aw qst tson«lst«tffetf eonMoii t« a l l tH«Mi 
9f»«its« "^r^itFt 9mn tli® tyf>»« of ^mrmtsf^M differ ia 
rliffosQQt i9»tiil«i of tuo • « » os^r* 
Thi fif^f^MimeTtes if%») of tMio ii»Hiot8 ar^ alsost 
gl»ilfir in 8Hap« aiii • ! • • at dif f t foat sttti^t ^f aeiwlcqp^ BNmt 
imt Ihoat afo oflMparotlvolar l«arg9r in Jk* liflQHItyBliUi.* 'Shmm 
mlU 9m ofOy awiad or owtd ia itftapo In £ • ^tiuaMBftt 
E* ««i«fa«itt*^ » i i £ • '^*^*ir flowofvrt in J^ » iUMimWUU 
foaiidl* f!w lo%t»r t«N» 9 * o i i * eootoln (^iadfto tfi^»«a oi^Ut 
M odMltlottal f i V i * 
TtM rat of tut ibo'vo otntionni t^tt iot aio hiotolOfioaU^ 
ttetlftr to thoit of lto<otyti8» pvel«iiooaf t t i and ftrahoionoytti 
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IH».*^ «i*i>ft jffsOJtimA inMi^wmt^ i f 33 aai 1959) t ttMsi mHU 
t i^ f t latottHiH • • pmlm9mif%B9m But Joat* (1965) ia 
1« **<^^Tr!^ ttitUvd t iw i *|if»l9taoeytt# wn %lm hmHM of fUtly 
aiff»v«at of l i r in ani vil*U9ii#ti i^ in itiMeta %Hm i n tflM 
i«rt»bf«l«f» wiprrUgwortti (1965) mmiA^m^ PH« »« tm«tar« 
mXlM y/h$3M t»@dUf<Mi1i (1973) eal3M tiwn %i t t ^ oeXls* ttw 
t«tttty iotefi»f«taUofi i t gopiKirted Iqr Stirivaitava and HiohiHa 
(1965) mml iflYiet ftj| ji|L» C19S3)» vlio ftisoiaiNi ttmt tlMiM stitt 
Qftlls g i f t s'iM t9 tlA«i«it«Qytes (Fi»«) »a& ttiftii t«> ott i tr 
hifissoQ^s* &gm1A (1970) 8tat»4 Ihat PM ^sm XtlsAf t t im 
^8«iiai^t@8 (ails) mi wphi$m%» tmXlm (£a i^>» tmni^r (19tif) mA 
louts (1f<^) r«porttd ^mt M» ea» i^ ^v* r i a t to s^s sai 
aaipoH^noegrlti C^ t ) * Aooordiiii to tSispta naS fiNtl^ifXiaia 
(19^) %M» FHt ^tOfiboA bf tht intoet ^uwnttologistt mgf bo 
foaim ftmm 
3^ ti £• <*•»»««*••• tlM Vt§ ovt boUi •trftiialttr aad $rmml9m 
i n «i>poiuNnoo i n aU tUt OMttt« FuHHi^rt t)it asroaaliit flm 
too ^ g b i f i>olf«offp1iio otUo • • otn^offod to gftmloy Pirn* TUt 
ogromior PtB of 1^* MUmm tv* t t io foot t f l t i ioo l ly i i l » Hiooo 
«f A* XaMlM lU t t &• • ^ • ^ ^ f c f t &* ifr^^?Wfti ft* l l f e m « i t 
1* jlcannlAlMA* fwpiiityt ia A* aniUam tai &• lUtaftt ««• 
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batit ^rp«t of FI*t «•!• (ioti«9dt OM oonsltUqg ^ mXl9 •!•« 
iiMillMP tlMui File Alii HI* mmwA wktrnmrf •Wfis i i i l wt lait ir 
| f ^ « mqr MtttftHy tm iittmwwa% Amwlaitmn(ifgL t l t i«t ef Htt* 
CNiptiL aaft Sii«i«ylaiiA (1966) Mgiittlttf llittt PX>i «f<i th* haoAm 
^mmt of tiaita9« t^Bt ftod HM OHMHT tgn»«« af« dffiri<v«d ffm tlHs 
by steonSitvy trmtfovsatlofui* tfi* i»9««cfit aatnor obttvfti tiiat 
^m f ist of Pto la ^, JCaaByjIE^ LUft i« i#!itf«Uy i&ff«r a« 
ema^nmA to ttint of othor lasttoto otiKl&td in t ^ pfwaoot 
1iY«|«ot« Zti thmm iptoiest 1 ^ polyisorpt^o iHitiiio of l*X»i i s 
mt flo YarlDl^ io as in £• ?*^ <^ «w% (Tooior^ 1^5) • t^ 
fmtp^t&nte^ ftstowi io not sattost %iso oooaftsDOo of ptiago* 
Of t ie Pl»» m fwpOFtod tay ^oooo <195&> in £• *«^^^«t MxM 
<i957ot 196S) fai ^ rawmtiUa Mliiiifftittif ^mn Ci970> in 
l^ jw^ftypt^tlil yy|»ai!^^py AnioH (1970) Iw ^f^^^mt yitipt^tn^, 
C3.«flE ana Wovftf i 1969) in gff<^ y»fi% f^M ropi»rt»<i tuot f!•• 
ttffo iofolirotf ia tito fOfaotloiS «f oellnlor otm^aaoo anviag 
voiiQi baling* wiggXoivorlii (1973) ia A« TlTT^ ft^ f^ fo»orttd 
timt fto %a3m part la tiw foroatloa of boof mt isHibraao* 
Aoooftfiog to Akol aai Soto (1979) la &• mul '!»• H«NI ao 
piioioortio l^iaetSoat lait lAooo portioliiftto ia oaoi9«iatioo 
oaa %ioona )»ii34ag* Wmmmt^ ia all HM ofMioioo of ti» 9i«oo«t 
iovoitiiotloa ?!»• ofo IgrfloaiUy oatolopod bf tioat aaoa of 
07to93.aaB thaa tho inio aol ttioao ooUo nofo lopoftaa ia tho 
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tti|4>fl|y of iiiM«%t ttaiied • • far* tn Hi* ptaaifit 
itiliflt tw9M0n tvMilAfli tlnttfutA WBA Irviimlar 1^ 9 MNI nftiii MMIII* 
Tlw fllnldUi #iifMPl PI*a DttW iiklMi INMH rsfKirtad to HM S^ vviM 
• f £• Hiiraaft (T««i«rt 19^5) aM E* ««*iii«**«»^ (Hlsldt 1993) 
Imt ^»i7 nagiHid t%m »• msfttoeytts* l»«it«rt AmoM (1992) in 
HUI I s m w i o f SQilMI IXIOlilsSiAMi 01)1111 W t d StllAl OOAJLS ttOd fllUiaft 
tfiti« «iciit« a g««ftt QonfUsloii ftgai^lng t M te:halno3«ig3r 
and fatsQtioa of graattlur *3wmoeytit* THajr Haw of too ta««ti 
oall«d 09!%#i3.ooyt«s» am^^qytest pltiMSKKorttay oaili^oitattM^ttat 
ana lijridliiio o»ia.8 oto* (L&l«Foolt» 1973>* f Hair pha^^oytio 
t^rKtUoss mtQ 9«@!»ortt^  liy CrosiOtoy (t96i») la JSttUlftlJOfii 
aiyimgagii^ialii ^^ rnoiA Ct970> in aiBlwIif» wanfeato t^eKt aa& 
Sato (1973) ia £• MOBlf Haaniirtli (197^) la SnliHiliffi AltHlllit 
r^aaaHoa tuft Meahaa (1973) 1H ffaii^g. ,fl^ f^|fffff%^> Forfart 
BfolitiQ Hi J3L* (1976) la U» «iy»«t»yi» oliMrfad thali* partloi* 
Tsatlott in aaoiptal-attoB of fofttga l»o<iiai aaA in vomii fiafHiag* 
ilai^l>ia]i (1971) in oooltvoaali laiKaataA t\mir InfoliraMfit in 
ttalaolaation of oaa^paoiata^ aataria].* 
In tilt apaoSot ataftiot la «iia tfoaaat iinaatifatlottt 
mm tiM9 aava feani la E* ^*MW^«| . §» ijUMCi *aft <&• AilBBtt&lilWI* 
Tiia saa of i,« lHHtA ^«n«i M i I * j l i n u n i l i t e (^n9>» M i 
adalta) a«a tjniiaaiiy l i te mtm of H* AsUiialft »iii JAfeilUi 
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(J««itt 1959 mA H f i f t 1959) t A* aiKi (Ritt»ii»t 
19601 Amd ma 8m^9 I9f3| Smto wnA Almii 1997) MIS ^iiiMi>*.-fff 
%«• t f9«» | l»«*t t f 9 i «a l 0A« BXA MMMbdIi QIK* Bnt ^ ^ ttm 
tliftt of £• JtUsUEi* ?t» «io#l^ia QM§ mm mwm%§9ltm$. Iiy Hit 
• • l i t hsv» a3.w» ^••ii v«poi»t«d lii&» iiiyy^%| (Amaldli 19701« 
A9 tm at tfmtst origiii i t Qtsetratdg wmsf aattert tii^Mirt«l 
tH^ idea nf %^tv origifi fioa ^ M flit* On «HI ^tlieF Htndt^  
Hin%» sna AtmH (1977) «ij?s!©st©d i«p®r®1» ofigin ©f Sat and 
Ooi«Ki7%ol4t tfv f<maA la aH t ^ triteltt tixvttntly 
ttudli^ •itotftt in ! • '^•^ '^iflwfl out tfity axtt «»mpidP«l»l» t« Itfv^f 
noiwfraiitslSFt t^iiiAl^ thiptd • t i l t • • n t U at mi:i»v^m^a«ff^9 
H9if»<f«|»^ f l i t OSt of tiM Pf«tta% tp««l^t W&f f<»t«sA»l* v l tH • ! » 
• f tUt %»• ••%it^rt«t • f tiMtt ot l l t irtittn havt bttti d t t t r f t t i 
iif j^fitt la j|» nrnFirrff (^9^> Mi #itf«i%»rittA i^ ovoid «p 
tpifidlt t*itpt ultii tmmftk ^^gptrnm* fUtr t f t i^vtfi ftiiMl 
tttttifftd in %im umatakm^ • f pmmw^ i M t i t t ati mmw • t t tv 
i t t l t t t t tm u la §• l a A l a i * >ittMS«t%t f tmt tpt •••» In 
&• tftOlotftt fi» ailwn ••• JU rtmiwIilBn* Ami ana sa«» 
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11973) isf iMt»4 that Olt M « f«iti«>t invftXfvd Is pMttts 
«riiiNMii«« TlMf mqr b* iaviAiP»d in •!•»•§§ ftfiA ti»«ai|p*rt 
w U M B«ttilAt»fi anA Hoi|wystiii (197?) iBtg««tt4 nitty 
aiff^fiifitifttltfii ftmt f t t * On ttit otiwr tsandl Be 7«a«|itll« 
(t971) i« of tfie opiidoit tttat (m« al«fi« t»« d^rlftdl f rai Fili* 
AmaM (197^} eomidtofvd ^» i r orlfin trnm Ola* Fortfwrt Bioltt 
Rni ArmM (1977) ttmtuBi Vwm ofigioatt^ in tut h«MwpoleU« 
tifitnt* Bat ^f«nit9 infi»f»atloa abwst tlisir nri i ia uaA 
funetloiis is s t i l l XaoHiii* 
fUs fat oontai!^!^ fiamoosrltt ttKin IMMH nl^ Mnwd in 
anflgr iiiMet 8p@(ii»t* Wiggiei^or^ (1955) ia^i* T!Tr^ *f*fl1 timtS 
Chfis ftt 9d3|)903ritn* Bat ^onts (19^) to ^i» ««» i^n i t t 
pmf9re9d to ta l l tHiw e»31a at adipdiwaoaytns* Afttia, H M 
tflBntnt 9t o^nnn for naadUii tliaan mXkB in HatnA on timir 
hcMMiincf vitht 1 ^ iiimnt ttntMNQ^ jrlnn* TtnmfQw l^ n ipmMRt 
atitiinr in jl« MilH&alit ft* *^ !*^ *^ Tff anA A* l IMl f t pmfnM ta 
nana tliaaa aaila MI adi J^ potiiaanoay It a* Saaa tanttiw l^aigp iiaa 
^aan aatntaiflad in U* JSanAalBft (Saidi aai Ihaat 199%)f ia 
Warn aiamm (SiMi^t am X^ iant 1979)» ia a>tA*«ti,t*t« ij^aii^^ty 
«MI l « i ^ § i i l a t t f i t (AlMi aaft tata, 1979)f ia it»t»tmmm^ 
^t^\m»f!im (i»«v«Ml»Xla, 1971) naA in ft. UMm inmA^ 19fli)« 
Baaafayf tlwaa iiaaaaaytea tiava alasat atailiWf abi^ pMi aaA 
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^«f««t»f tet io in a l l tht wp^vUw i n ^Ulk ttwy htim %••« 
fft^wptii m fwr* 
Ac far m ^ » • r l f i n o^ adlp^liaMWtjrttt i t oofit»r«idi 
Sl^lirattftvft Alii Ai«liaf<As (19^5) &t3J*Y«A KliAt tlsitfv i» « 
ai f««t Xlniait f f w FR to PI* ««d %!»ii t9 wdl^lwaooytit* X% 
vac «i|}p»irt*d l»r &anla«taki aal d r tUat (19?5>* fwttSmVf Qn^trn 
©Hi Stat^tarlaiidi (1966) «• nolX «« JiMivirlli (197S> mtiovd 
trafHifomaAtioii nf (m« i f t ^ adt|ioliteMi^t«i« £ift|<«#ook (1973) 
i»igg««tidl tUmt < ^ l l f M (Isqp3«tt act ss t lorsg* f i t * * * 
wiisfesA Hiijm end Bel l i%97k} mtml^mA tHat tiM adipofMrnerayt*! 
$f@ ixit ft «9pi3p&t« nt&m Qf !^i^i»^t«« ^ t mw & fumtii^mX 
8tai« of grsLiKiltr hmovf^* Qn ttu I I M I S of ^m tSs^wmmm ftf 
engr Ot1l»]* «^t0!»l^ffBio ifioll]8l01l tt^lCIlt f Stljp il<9l3Kll««| t i l * 
fmmnt mt^r rt tards tHVit o« l l t a« aaniiratt nvlla irhinAi 
isiglit fmrn i l iT»f»iit iftt i id ffwt H<i in aooe iiweotc i»ffirtl«al«rly 
« l t t i ti&% t^iA imttSbeAtm* 
f l » aphftiQlii «»11« mgt «^a9«9t»ri«tift«llf cfldkiiit ^ 
t t e i r o^aapliKMMic fptitittlit f i U i a g t!» 9fUfplMm* Itt « » 
fff»«i«t t imttt i t f t t lAt i iHAli « • ! ! • aft f w a l l a J« f*—t*T*^f i 
Md &• lilHBftf H8vi«f iwfigNUkii tiMpa aadt aiuHNttltrlati I f 
f a l l aaft aoMpa!0% lai • ! • • § • Slal lar a*3l0 t iw i IMMIA fapi*'^!'^ 
i s «*^^*l^T** AoliiSilllMkA (Aiiiaa«ttt 1953>f A* M U a l t 
(Jowa* 195^)1 CMlawMlMt (viggiaawaHl^ 19591 mtpu a i l 
•v^ ia r laa i , 19^71 AttMli« 1f90| ]C«rM» IfTIf MMmwt, I99i>t 
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ittii^iMia^Aa {AMtX mi » * ! » , 1979>* 
iMldtiig* i* i^i^ X«fw»rlli (^59) mfmwUA tiwir f^nttliii ia 
ttftfrsrimi «tii«i> subttMiota mMiii M iwfwwt* Hittmni (19^0) 
aoiilMir af i^ Haxuta «a11a t^tataat mil aillc ura^otitHi ia 
<lifftf«iE^ fitrslfsa af •i3.lei«af«* FuvtiitiPf Almi aiaA Seta (1973) 
faaaS ouaoitaX^saBa^aFi^ iia itaft auaaptalwia ia tliasa oaliai 
utMMh wm t>Mi s^orat af *aa» tilaod |ii«telfta* iMntart AaMairfft 
Cf99a> lattitiai]^ ^ftt #Mi prdbwasii ral« af tiioa« at Us vaaM 
l»a ta pyaiant QoufBlatiaa af tin heaaalyaiife* 
tut osftgala^taa (aratai^taa) a&awnnMt ^vatantl^ ia 
X* TOMlM^fflit M* ftitti^fftMilff aad &• JUttllL^unpa tiaa faaaniyiaaaa 
w i ^ tlM aratanrtaa af 2ni|iB&* S^ ortaa (faagart 19 !^^ )* Bat 
laaaa (1999) aagiNiataA ttiatlai^pt^a **vatoa3rta# aaia aaap*» 
raiAa «a 1l» gtaaalw utaaaar^a af m^mt iaaaata* l a a 
Hanitf cf iaaatt maalMt wetm mdM mm aAiai ^li^ia 
iqraltaa HaaMirtar at aaagala^taa (Qtaiaifat I9irf)* flMi 
•aUa aiaa ia mm i^mmm tim9i»»9 ^mm wra i^taila»i% «a 
H M aaapOaiortat af Jia«M» t i s i U r aaUa atta afcaatiai ia 
b» •*'"**—*^ (llMrrMl4iJit», 19191 AHid aai Sata, 1999) aal 
ia t» T V ^ ^ ^ " * * ^ aMi y '^•*^**liif (Bf^l ia Aft Jtik^ t 1999) i M 
241 
wmpwUd tOmir twmlmm§nt in ^» doanalAltoii of iiift«t %XMi« 
• lal lar tm ^ IWM i^ i;* r**'«*Tfff CX«aitrt t ^ vBi lows, 1959)* 
$)igli!ly fiLfttttilid pljuBAto^t»8 vitli aliaGMra«l2^  larfe iii«|j8tt«« 
C}«]>tA (19^9) eliMrvttf IHiM o«ll4i i» llw sgrapht 9f £• jiUBlftani* 
sitsilar mXL9 mm mw u JMtlmn^nm laiiffinililli Caaint tm 
B«li, 197^) aM in I x j l M M l i MaaMlA (OeSLiwvt «M Qlmtkf 197M>}« 
I t vai fitrtHoi^ f«9dH«d that t!«i prvdiieMoii (tf aiinofwiil 
ftsmiioft^ia efii otiivr d«iariiet8Ft«tte» sft atioeiittti witit 
«9ll asit^ffttSdfi mA ^atl i* 7}ii« ttattatnt oonld m% INI 
aseertiiiQtd i» tiit pnmnt n^oAy* Cmptm waA BaWmtlmA i%9^) 
»ifipfllstA Hiat IK)« •!« i«yi'««d ffoa f i t fef tntatfonntioii iwt 
kftmlA ( 1 ^ ) ft«oiiiif»i H M W 9»l.Xff m m9im%m tmm <if FI«» 
^iclil (t9dg) ia &« l l l U f t ^99 tmiiiA hmm»si^& villi ptvudspodial. 
•vtantlofMi auft big «MX»i am ^mufUmA t l m • • podtoaf %•«• 
MitiiMr f t t t iHi* t» ti»«t wf A* m l i m g i i H f (Bii^« i$ff9> mA 
U* *"*'***'«"' lartMi <>«9Pit 1970) • Af«»XA (1902) dSMtilMA 
itiea Ml TMPlftiit f«f« of yiMi* fIWM ar* vaatilstaA t» mwttSM 
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not ttliar* 
•jnwitift ti«v« i)Mii oi>Mi^ Nii« A« fiMf M tin 9lti9 is eo!)e«Fn«lf 
of t*m ImiiiaKity l^ift 'lowtfoff on ittstptioloa^ toeil. nvm^M i t nt^ 
%« taic^ffttd tfi&t t!)«iit aiitlt adps Dti^n^t Mttw^ trmn 
s» ,ijE,t:iflt.ftf,.i^ l?l,.,iafliiln.,l^ riflin .fiii»lai>May.Hi» 
<if mt (a ol^jpimtit f^dfooiiilKia) ana tDoM of fa^idaB Cii 
0stflittsmle ofifiiKmiil) oa 3i^ instsup l-a^Mi C ^ ^ oti) of 
&• fMlfff** ^^ &• MMMM ss»ata f A^KilbOileal dMutgt to idl 
l^ pfot of Hatoof^tio* t l» notafo of aanei^ to ttioto fiotooeyteo 
v«o iiiiefiSkif solftIM ultfi tlio oonototimtlott of tho vo^HMitifo 
inooettolio* flio tothologioid. •y ip t f • in Iho offtotttf 
oyloo of 1M f)iIloiriag inotor ^ f » p m v i l l f laltiottd vtlb 
ooototviooHf piifiid moloit aibtioroal •ooaoXioot&oii itt the 
oytafloiB m noil • • io tho wolotto itndi vo^tiiio of ooU 
tmUbmrn foiljOHliii ttit ippUootlmi of tmmr omoooirotlooi* 
l^iOfoao appliootioti of }Agtmw ooooootrotiooi in oo^oaoo 
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•f wwlim iiiMl*!, ffgiMtaf4 otiff«niU8 mtorialt Of^lModU 
%«l«tiif and ifftpilar •• miX tm imlMA mlX vmai^mm* 
ftMi mB% mmt%Sm \immmfU9 %» ^^m immmtinUm* ia 
1* afe^ q^atft msm ADS inwffofts in £• iJLMSft ^ ^ t ^ t i « ^ ^ « 
«efi8«iiti^tl9ii* ^ttm^rmtf W&9 i3iBmp^9,tS,fmtf refist«i tut 
•ff»®% t f laotH tl» iiiMt%&«i&ttff« tut f«S9fiii nar ti« mei» 
m»w i^fslE iMia S«0« fxmgilft satEii« as g»wgiMWiA to o ^ i r 
*m»wm;fWtt» ^stmww^ &imn t^m mils csmlS m% msAnt to 
ff^ron'^ftit apiitti^ i»it)otii%7«ti»iii of Wif sidi ?ojraS@:»}* 
011 fm o^er Imnit tii^* litatm Qgj oooM not voolot 
0«2^ mt <!•«• otvottgitt ^ f oono*) waA 0*3^ fnwaAm imdixm 
•aVlotfii^ Oofi* of F}* In »lnU«r oooAiUen aoi ttimt noot 
of otiior %|iNi« of Hlood ooUi novo mm$iXm^^ AmmgtA and 
boowo iaAloUoiaiotaiMo ^ 0«a3( l»9Y MI& 0*tttSI F* in fj jhl lni i 
vhofooo ia j|# M l u i «o|orily of otter ty^ot of ooilo noto 
oooplotoiy dwuioA t r ^•1't 0 ^ MiA 0*tj( f« 
Ao rofofif «te aoOo of aolioa of tutoa iooooti^ bdoo 
00 tlio liioaoor^i • f ^^ lai^ao of ! • Jidylfltt ftiiS ! • H J U I t 
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i t i t pomiblm that nm %9pie«I applidftUoii UaA« to tlit 
9«witffmti»ii of tht iMtetioid^ thwmgk H M iattrotgntii^i 
ttMbiwMi iJSto %\m oivoBlfttiag luwailTiqpli* t int inot^tl^^teft 
•on OQWM in oontttot vitu tli* oifonlatiiii fiaitawoytso aoA tMiooat 
toxia to thra* Hovnort tfio t)«rflt«MIi^ of ttitMi ^toisieait 
mogp tio aiffofoiitf do?»o!iAiiii «|^fi tho ftatnte of t*ie €«tiol« 
oa v»tl m wttlmmlmr stnief»f« of t!«t o^isloids* HoAd^ r ai^ 
Haiau Cl^7) 1»oXit^ fo4 t>mt t ^ ifiwotioido topioaUy ipi^ioA 
on tue boa^ of t ^ li^rats nwtot to tlit sitt of aetioit 
tftroodh tiso fiattioiynp^ aftar (tUutlofi* 7I» obaorvatlon of 
CJayolt Clf7f) la %n fionlraat vl» t!»oaglit tnat t!» v&mtrm* 
tion of tnmQtt^iiamM %tigmg% Vm lutsittaiat into the hastaoXj^ t^ h 
ooiiM m% tain i»Xaeo at aignlf loaat rata* 
XII tin pfOMint oj^flmata tbo l^^ of i»M on tiie 3f^ 
ifwtar i2h }# OM) larvaa of i^ « }4tP^T!^ waa o«a:?' iolutiaat 
irhafoaa Hiat of &• ^hi±imm ^r %*m »mm atapr irat 0«¥^  ao3ytitloii« 
tuia ooafiyna l^O <liffaiaiioa lo tfia porsBoal^ illtar of ttio aaao 
inoootieiio in difftfoat inaoeta* uiwroaa tlia X0<^  of IHuradan 
in A* *^^^T't ^3fd iaotar larvao) tma 0«09t and that of 
&• XUaam of ttiot Mwm otofa «ao &*3it« ftna in tlw two 
aiMOtoa ttiofa waa a aifittfioaat diffatonoa in tHo iiptiM of 
thiao two otiaail'sala tteoofli tlioir iotagwonta* 
Caan^ aHiig t!io tosSoi^ of Wt and Tttradast i t la oloav 
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that Hit ^wAm is v»m •tf^ti^m t^ ian ^f im danAftm ^m 
lMini^«tt« Zt i t waprnt^t^ ^ t!» f««t tlift% ifi "Nilli ttm 
InMetty after %^ tofioiA «9lii»ati»ii of ^aradoat ^ n Hi* 
Ifd inttsf lartMi ith nr o l i ) , la ^ M followiDi intt«r C t^li 
ititt«r)t asloH.^ of ttsi fii»no<qrto» tMtv <ti»a£C{l« But tut 
tfiifpi«ai apfili«mtl4>ii of ^Uf9V9nt mnmn^aUmm of i>l^ tniMdi 
BimiXm ftff«ett of t ^ lK»i«eUol4i«8 em ttm !ia»iao«yt@e 
of iiiimots imt xtKHirlti ^ fftrotva sosiai fiiaa|iiiovt C1931) in 
£« '^Tf-^Mft i t i r r^ , Ttaitr sM ^* (19^) in £• fff^ifj^t^fifmt 
JSHiattAf ^ ^ »n^ BfiioM (If75) i t )£* «pi^ «4i»«t*y, %<i|di iti«l Kliaa 
(1977) in l^ti^ywap «itiiyq^ t^i|f| afiS iftttr F«x%« Cl9i^} in 
I * ift^^f*^!?f 9HII& X* aamfil^ obMi*f«a that idtoils oooli bo 
indhioti W iil3««tli^ 09rt«l« olwalooli (e!io!U«lerolt oorUtol 
or tQI oolatlofi of i^oooio}. tfio yntMat obwrvatloat on IHo 
iP&thologUol off»oto of Imootloitoa (!>l>T MA PomAoa) 00 H M 
liiOMOgrtoo itf ^M JMiotofO «tacsi of &• AtOlilUI oni &• AiJU» 
ero «io f i i« t iofofmiUoa oa t$»oo itopldoptofoao 9««to iritH 
loipoot to K}f «ai f^tdaa* Fmrtinvt i^ ««ii IM loggostid tluMt 
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«f iHir i« MQtfoniiig &• 4 iU«i Haft &• Jidwci i« tt» n«iA 
Xa Itiatetttf hiidaoojrtdt mn kamm m «it« of isxt&tmsMMif 
tm%9^Xim miA fat %o^ a« CH s^fi «>f stern^v* t» diia«y tn 
^ r t f y t!tl» faetf jflyeog^a Caai iisi^ ortant itetalsolitt of aosels 
ami liiRi* e t l t i of '•©itoljaita*) tmi sarve^ r®^  blM^mStm^ewXlf 
^ T'A^ t tst ¥it!i aiattaae aou^fol lit t«it ^aaswsjrles of i? 
wpmiM9 of fIfffeiPBTit oriam of loioott* Sot tlit i?lyooir»ii 
aeDosition mm tmm In Saltotflltt sSikWmB 9Xi& ^m^jmt^m 
liim*f^ Ibotti litpi^optafrds fpeciot ^lo»i i i i i ^ ArotlSdoi nxA 
T^taldat fasHllAi foapootiftly« tn l»otlt th* iQ»«olj»t proaoaet 
of fflyoogon diiiofitloB woa foeoy««d fimi 1 ^ %fA liwtar Xarvat 
tl i i 9iOMiit data oloataLar •*)•« ttiat glfoocaa tfiitiiaaia 
or tteraio ia faoaA is PH«« fl»a and FOa of larval, atagoa of 
te«l £• tfliliai and ! • UJUti* Bonatart in tHa faisar ap*a^a 
OBa and ia tl» la t i r dM aota aiao lani^iod te tUla ayntbaaia* 
TIM btiai<doata fataa aa wtU aa Uvidim oaUa aOLao ooataiaid 
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ia Hit hfttoMf t t t up t» BlMl* larval gMfwtH* il9«»Y«rt in 
1 * fllW*1ff| lMtiiMqrt«f ^yeofiait vaa dlttilbii^it la HM fftlB 
• f fina fopamltt at wall ai mm^% inelttalAQa* fixm nvamlaa 
vmm fottnl nam |»fiQnifiaQtlr in inS imitsir lafvaa andl wm troirtii 
liyoeaadad oooipiiet i«ialtitl#fia nam mra^ cnsinant* On ttia otftar 
a^ndy iti £« ^^*»Tif glf90|ieft v'^ 8 ai^oalte^ la tint f^rm «f 
0<if9|ia®l» iifiltialdfia only* Xn th^ f^ repopaa of bol^ spfiNslaair 
iDsSntiOTts ^ r t miot&nffiii la aa^ar aaoi^ f aH ataftt* Fa^Hart 
ia fedt^ spuoSas «flyQ<^ eB of tfm haaaeo;ta« Ijagin to liai^^ptj^ 
ia ttia jpa^^i^ papiA maS was oooplataXy albaeat la IHa blood 
otUs of Pm til^t isapao ttA ««1I as la tue aalolta ii^loatlag 
tNa DtLUiatloa of tlda matarlal ia t ^ ImUOiog of Sae^laal 
tlaaaoat 
taaprr mA Maaaoa H^i} alto itQ^iod sly«^gaa in 
ms Haamioytaa of £• fff^'^.fl lamaa b«t la t M t ipoeiaa oaly 
l^ lta aad Ota t^atalaad i^aogea IncAaaloaa* Itilta 1» «»*^ *«"» 
)^A &• llJOKft t®rfmf la £,« **<^n*f tlia aivldiair oaUa alao 
eoataiaod glyeofsan ifa^ooifioa* isdsara ii^i} iataAftSlA 
lATvaOf AoHlnrat aoS ftio»i«Nls <196M>) ia fii^i^^^f atUttSUftt 
Itai^ Fook (t#9> <« iyii«* i^»a ww>i<<y^ Oioaalof If968) ia 
^imtl f t t l i inminiUfltiiyMaif ^nn (1971) la akmrott BaaaUtoo 
aadi Hoapayaaia iW^} la J^»fc>»»*fffft auatKl ^«vt alae vaporMi 
%!ia oMBfffloaQO of glfac^pia ia ^ M haawiQiitos* 
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99tnn%mB mmm vsimw3at» Tklc ottiQlatioii t« in aooofAaiiot viHi 
HM awM^i ftsi^i*«t«d ^  aomttfi (ia59H f^ ti^ rttirtii t i^5) w 
Dtatw (li95) %^t filar«e««R mijp oMur is «31 ot^  fi»»t tlttu»t 
of 9ikX w aott afiSaaXg. lEauswr« %\m vfmn% foodfi in 17 
i9«oi«t of iQMOts ilMi not stifiwirt %m •ax^litr vimrt on 1^ 
pmmnm at lilooi eell flfaopa* 
Ai Miitiomii H^eift g%{Kig«it storage iam ^itmn ^aXital l* 
ir«ly and hl«teohi»dle^Xy «as eiifli«r i^torfttt i« ItMi ifuwadc t^st 
of oia^ r « f iv if»@0t i|N»«|»i» $!» ^fiient x««Qir^  of ilycoson 
i l l t i l s ^ ^ « » ^ t 9 « o f B* a'h^lffB^ t£KS £ • l i S t t a i A fSXatlOA «» 
to tti» 3.?#fti gtoirlti snl nttMOvphotis io f i rst of i ^ iciiiA 
In iDioots 'pax t^ioalas'l? in ^ i « cmmtrf* ftie iifOiont i«t« on 
fXyooitn doponition snfl it« imtifttion in t!i» %»moortot fortlitr 
^tmm Xiglit on i ts i^nf^gia mil folo in fifontlt anS uttMoamlioois 
Tlii ^toot of topiod apf^lioiition of «ii3i«l»tMl «onnof»» 
tvttUont of Wt C0«1^ « 0*f£ Mid O.in^  in £« gmjdtto onS 0«0^« 
0«1f toA 0»2f i n l « ^ ^ f ^ «n(l fovoSan (0«0f2f(y 0«<ia9C «nl 
tlio flspoofoii do^oitt of tut iiaoaooytoo foISoifini t)wir ii^piioft* 
tioa on tut SftA inttor iortto of bo^ tho opooioo totoolod tHot 
M tho gfow^ itaiio od^iMti glfooftn dtiiotitt vofo oitlwr 
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bo^ Hi* ^•«l«a f«9«X •%«•• IMS mvf tmw &9 m ^yovfiii 
bvotwfi dovfi into tamlX gra{Ki34i«« 
?!» api^ lieRtftoft of fld^lotr^ oonooAtxmtlofMi of ymth 
>mf m^ l^Msm edoo «fftt^t€ %%i ii»si>or soi iiorotiitoit of 
glyoogofi tttpooiti in diiffofOfit n^ooo of ooUon ffit ssoiliMm 
mis^w of ^lyaoitm i»oIsit$07Hi in ^m tiloo<l oollii of &* irt>^ 4<;ffi# 
Xftfir«tt f i^etf i ffois 1 to J! ^rmn ^ t'lo nealwit aomi9?itrattoft« 
ffm ntfmmn la^x of t ^ afftettd ^®i l^mtsr Iwroo vsa %mmt 
tH&n t*tat of t% f » w ^ **l^ litstar is i fa i ani i t i t^^ott 
ff^hialtsr i*t f^f^tettd $V% mi0. 6tli imtar lavviA st^ fiiMliy 
boeaMi O0f<» ift ftvspsipm an^ impaftf «f fHoted Isy ^0mt emmn^wt^ 
Umm of i^T* IWHiftrf in th« aftvufiotd otogio of gxa t^ai affooted 
toy ^gtMip ooooftotfrntiorMr i t vos tidtMA tlmt tiM glj^ ooi^ a inios 
of otUo boo«t hii^or m oen|}«fOd to thot of ttw fo^iootifo 
oofBOi •%•§••• Zt io 1»oo«iMi Of tut aootfiiotloa of aoot of 
ttio otilo of oooli %po tai tHo sorriviaf oolit mf noAwiottt 
ooUo «ofo Mdf o few i» oniwr Hot aoetljp villi |glfoot»a 
iopooitiotti load to liigli glfoofoo iaioa • • mm^mA to aomii* 
Ooaa»«Mat «f«a tho AwMf* of tUt lioMaaoirtoa ia af l^ttd 
iaaoota Iqr Wit ia A* l U u i N ^^ aaxlaaB oaaitooy of flyoogan 
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ht% IfSitaF Itt^M thaiiply dfvpP*^ ^ Mghttt eoaotntratlttii Mf 
not* tn tfit 9f»ipai>Mi Baa tht mpat tfl^ottA %ii^  all oonotiii* 
ttiat of t)Mi mtauLl* 
As o(Mpaf«a to thft 0ff«Qt of £>0t OQ |t* jytdJLattftt Faraftaa 
oati«9d warn ^nm^m to giyec^n 4«p<»tit» ani tte «rfaet»4 ^tit 
Inttar XartM of £# ^ t^^ ga. did {»$ hatv ai^ ^^oogoo laolaaloiia* 
In tlMT affaoti^ pmpapm «a& p^aa alaa alt!»7 aooMi mll» liaft 
ozily a f9v glfm^m imXtttloiSi oif fx> li^tiaiiiQ at a3ll« 
Slisiiar c^aarvatlna ^tm mada bj Xaagor ani t^anaoii <19^) 
in Z* ff^^n?^ lartaa !»r acIidLaiatrattos of poiaona aad ooaolsdiad 
tliat blooa^eell f^yoogan daoraaaed atsltaaqaaiit to isoiooii adadnia-
tpaHoa* Oiycsoioa oauat «Eod inAas tatidod to atioir a ftiwirail 
doofoaao* Bojpofid thia reoord m infaatiiatioo vaa dona to ha^ ta 
tuwPmr i!BiormM.9in uotii tfia pxwaatit wttior axttndad o&aarv»» 
ttOOa 0 « S^* ei^%4^e*fm msA £ • i^^fltt" 
I t ia oooolstdad that vm and FoiMlaa affaotid UjpfaOf 
pwsmpm and vuspm of botb A* al^Xiam ^^ &« JUUMXi ol^ thaoili 
alwiiad dat«riopatftoR in isrntnaiia and do^sitloa of iianaoosrtoa 
glfooga«, tha pvooaooo of glyoofao dopoaita vaa xoXatad ifitb tho 
oartival of tba haoaoaytoa* SooaQdly, tlio glyoogoa $M»m 
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•Utifiiii igypflViiit latxvfMM yfmn hataocir^* S»opttlftl£ia ^mmmm 
•HWdlftlly aft pf«pip«l aaA |Nip«I atagtit ^ •>> ^ ivSottt oatooot 
in tm t9m 9f a f iv mrvlirifli aaUa af a parti«iltr linHi vA 
M^K|^ a( H a^agawi in HMWI* 
tii f f f ^ i i t tt» •naaaaniiw •ndiramiaa on tha HaamaaKtaai 
aatara^ aadfaont (iwii»MMir)t trSul (an amaoiiia of natannil 
aa^^aant) aiia HaMatavani 4 Cafifirtaaa^yaana) i#afa wSniiilatefa^ 
aither by injaatioit or IfiiSftl^fi Cf^adinf> in ^la larfia af 
H* Htmrn » ^ ^g^pars af I * ja^sxanSLlftltti ta abwrva t ^ i r 
»*'ftets 01 ^it !»«ise9ytas# Tlw «j^lat*!»X tfoaaa af t*waa 
^f^fmms mm tn® assaa CO*^  «§, f.O ngf 2,0 ug, if»Q «§ and 
6.0 ^jg/larfs oy H»ppa») on tea^ tlia apaalaa* 
FalHaiflag tiia iagaatliia af aaaft af t ^ alsaya liaaUonadi 
iaaaa af m^ af IDaaa eoymmn hy tin 5ttt laatar Imrvm aT 
&• Udmif ^>« liaafl»ar%>s af 6«ai iiMitar larvaaf ar i«r ttia iiitaka 
af thaaa daaaa ^ <^ tli iaatar Xartaa aaA ^laa haaaaaartaa af 
»fa»ii»ai aai in^aat iHoMNl iiattelAgiaa:^ atfaa wliiali toagan to 
Hlpaaf ttt n^a lapraa affaa%a« v l ^ anaa ^ia naalaatt daaa 
(0*9 «gU flia Aaaaga ^fagraaai^iy iatfaaaad witli tlia raXattva 
aaaaaatpatian af %)ia vamaa%iia aa^ Syaaaa #aaaa« Tinaa lonmitona 
aaia iaoaffalS.f inittata4 vfttti tiia ai^araaaa 9f aaaaatriaiSXf 
Vairtiai ataiait id^aavaal aytapXaaaia iraaaaiiaatlaai ililali aai 
gyami^ MrtaA at%Q^ *ia.aaiif af%i|iiiaaMia iifafaa^iawif IwafpiljdP lAiaiMi 
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Of law mVL* f^ e^ PUHfiism Vm ^piiltttstiofi of loimr 4k»m»» niiOffOM 
f#ljil»JliNiXjf 1fA,0itnt do0§ii OflBiwtf fMiULS^ f^ i tni^ PftidliitMi ftfift fyimtiiiHn 
t«%l«a of tilt na^Loit fovmtloo of Hiio^ fol4o4« ImopilJHp aoS 
fnntisfod mtl aiist>roii«* Oolla oooatSonolly iheHiod Mf^&p'hamio 
tn^* atffaiiHHImif itt|«ittoit of THOI Can analogoo ^ 
!!«»oodysotii) 3ifKl HaJdUitifOfit A Co |ih3rt9«03!7SO!i«) mm ioiw in 
trst 5tH If^tnip !%»|>per« (WB Iw oXi) ma& tfm eff«o% iriio stodlot 
oa i^tqaoTtUy on Vm ^wmwieft&» of tm simt lottwr (5 daof oM) 
$m %ftlX ti» liSolts Cs Any <^)* For ^^ai*l«oii tlio Mm» v&v^ 
tilt 8fss@ as saentiomd bef^m for iw«fodyaooft i^& tltiiclslssoiKi & 
in onso of g* MP^^ isfrmm On this vpv^tm alio ttia d3»9p(ieitt« 
i^Xtoatlon of t,lmm IMO tionooti ire» imM to isatiit tim 
htttaod r^too i^ iitliolog&oiAly ami t ^ natsvo at mtVL «• dogf«« of 
tM f^bthologioaSl ^tnaft ntfo ftiottd irltD tUt ocmotn^rmtloa of 
tfio ^osoi* fht ofl^ot of lotfor dotoi (0*5 itg ana 1*0 ug) v«i 
fmtfiif^ of tli« moioi ttt toototfio iwsitiofif iri«»oiiSfttlofi of 
oyto^ 3>o9Bi &oft trai|^ tBti*lfii[ of osXX otiiftsriiit* ii^ lMfOMif IdLifhMr 
tfoioo ooaoid •nolXiot ^ ^« iRioXmt, franwiitfttioo of tftuwMtiii 
i»ittri«lf inofoXsri^ i» otXX oMtfbfNmt, roptofdaf of ooXX 
mm^wmm m mtl o» inoXtM^ MiHirofii tiift fsroottoo of ojrto* 
uXoMie ^Xffii^(s and AitOh«i»* 
fl» intalw of oton ttio noolvot dot» of ftMiodifaooo a« wtlX 
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•9 NtldltttfiiM k (0*5 vf> 9mmA iatontlif* Aaaact to ADt« Qf« 
«nS 8P9 la tfi» 6 ^ ifNitiar lamm of J * lUnai * OMii«fft%fy*% 
ottior otll« i«tf» daaasoa to loMor doffoo* aoi«v«rt ^w X«w«» 
•ffo«%t4 "bf tlM iiitokt of V«0 ttg MiA 6*0 uf aoooi dowlopoA 
l»oli)oloiieiSl oooditlofif la a l l typoo of ooUo to a tttgo whes 
isoot of t ^ onlio nofo aot jpoootiiloai»le mm^t Olo* SiaUar 
io8itlt8 nofo oi}tKliMi4 ny iojootloa of B o^odygoiii (Hialiii 19SS) 
anA MaidUlefOtiv Jk tsf l^ w ptoao^ oat^r* iovoiort M»o noto 
oidly ^stfojra^ ^ tlio offoot of ^«0 ng B o^odyfooe iajoottoa 
{nt®h%f tfS?)* f ^ pfopopM of &• l l t e i offiNited li|p H M iottdai 
of aiffevent B^mu of iwoe^sont W 6tit liHttar Xtytat hodt lata 
nR^«i34i^l«nl ^«aip to FHi m aoispatodl to tiis iafottiofi of %*» 
ooimiepofiAiiiii (^ie9 oma %fm »%mnmnt S^oso* fiwir9»Vf tiio 
fftnent mtt^r <!^ Ifigofftloa attixid) aaa l lai i l (fey iafootloa 
off sot of v^O at iofo follo^rlag its ap>tltoa%loo oa 6tli i a i t i r 
larvat* tilt fo^aaol offiot of tfitw (Soots at tBo ptpaX stago 
foUoiriaf tl« ttaatatat vitti foodlag m& iaIootioB to tiio 6tli 
iattor Xtanm aas ootiot^ ao aisiattgratioa of tlit wm I9 
onoa 0*5 ag mfiL 2*0 ag dotot of 3«ooAy«oot oaA MolcUtofooi A 
fot|»ootiaiiy* Oo tut othtr h&ntS« PI*a vofo o«aiplot^ dostfoyod 
ia tla i^fop^ai aMI yaaat offoottd ^ 1*0 ag B^^mriymm toot 
•laUar laaalto voa o^toiaod lif ^»0 ag itaiiiitoiaao A* fliia 
iaaioatot tfiat Bm9^mm ia aoia toaio thoa if oktateiaaa A oa 
ism ftio* 
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fmw99 9i I* jlinaiililM f^ UAwiiig %m iniMtiM of «o«v»t» 
voadltif doiis ia ^MI fwiaitr hBipp9ww of tut tMt ia»t«r ntA 
ntoLimm dami* %• «ttt FEo raft PE»« tif 6*0 «§ doa* la «lli«r 
»wi9p«ni (5 <tar oH)t aho^^ aov* mpid of foot In Hila opooloa 
9» oftapstfti to &• U t a a i tmemm^ BiMiXmt fooaXt vwm «a«o feuiiS 
W tn$mUm B-oofiyoona at t!» aasw gtaipi of ! • fllffgBrit>3itBi 
(l^tHi A i J l * i 19^) • T!io foai^aS. ii^faot of navlooa ^aaa of 
Isotli tySol sM MtflElfttitini ^ ^m fta^titr tnft«no«ti»«t in €lali*» 
tefpmtlofi of t^ao tmo t^foa of oeiia itt botti aaaoa of saolta* 
Qn Pw otMr ^xnS. tHa offset of BHioSjraont iii|«otioR «mt aoro 
pfODonnoid iti tlio @MLt Fila msi Flis ^emat t^f mm foooft 
^iairttsgratoi tn a^lta of teot!i nama »ffaot«a tuf 0*$ ng iloao 
tfm PQ» iM affiotad ptamptM mSL ^papm of ii« lilttSft woxo 
iodiatii^ia!iid»l* 1^ tuo iaiain of ti«0 ^ B i^^ iyaoaa hf 6 ^ 
Ifiatar larvao ^iityoaa alolXar oooAilSoii vaa foooi SM tHaao 
ooUt ot tlia rofOffoA ataipa iQr 0«5 ng Itakiatofoiie A ^  tyolti 
iaIooUos aadt faodiag* I t soQr tia a eaaa of oaUotiw offaot of 
tl» too oofiraoQoo 00 ooo typo of oaXlo* 
k9 ffosavdia tl» Gflo of ^la affeotad lartoai i»fopi|>at i ^ 
Ipofioo of &« J i l a i i ^ iniaatloii of B-ood(yaoiia« tsaxlano daaoia to 
t^oo ooUt oooanoA bgr tYia intoUt of wtAf 6«0 og doao aftar 
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pw9l%0mM 9tf99t !*•• in thi pv&pap^n Imt in tt«i afftottt p«pm 
9imtXtBt tMteff* of Awmm wat fmnA hf %fm intalM of 9*0 «§ teto 
oloo* A« «o^ [»«f«4 to tfv fRoai^ aitliod«^ tHo lii|ootlAa of 
4iffo««ii% doooi of ?4ftltl«tii70iit A woo noro offooiifo Mooitoo iBf 
thio i9»t*Ma 2*0 ng irao al«o alilo to ostioo aootitiQtloQ of QUo 
up to DvopiipaB sMfi &«5 ug inSootioii to H% inotsp lartao lod to 
oiaiior d tm^ in %tm p&pm^ i^ cisoMiiig to tislil (193^) Qiio 
eosf)!*^!; dlsefpoovod iB tut of footed pmpm^ ®^tt Iqr tho 
iti|totloti of ^slsiot doso of B« ^t^ymmm 
Oa t!» ottiiir hai«3f tJ3» oa« of affeetad f tli Insts* ^ ^wmm 
m mtX m i^iislts of £• JDlssaiffil^ ftJllI ^f® Inllstlnir^istiiibXt 
o<99R Isf ^ 0 ma%est tloflo of trtol as «ol3. as Hslclstaroni A* 
Fi]ft%r aoeciriifii^  to action j | ^ « (19%) 01^ boefl»» if^aistlt^al^ 
•hrt>l« la oMm 5th iottar boi»i»?« iffwn footer*** Iwpfowl (Ml ^ 
oia) «»f« iiileotiNI iMftlngt jloso of BwOoSyooiM* S)it)«i!^9iitly« 
tlMi affoototf iflitto hod diolottiipfitM 0Hg« 'Pus §no of tuft 
fpttosfiopiitr vofo nofo otRoitiYO to liotis ^uoeaysoot mA 
MolilstofOfW A t!iaii tliooo of 1« MfiBJQI* 
As mgdiao tlw A0O of tl» iorvoo of 1* USUMM ttiooo ooXI« 
mm nai^ otnoitivt to both S^oodyoooi aoA .^ afeSotoitifio A boooaoo 
ttio pfO|Kip«o »2ift inpoi offoottd vltli 1*0 og onA 0«$ «g 4oooo of 
B«ooilyoooi fti|»ootii»lf M^d ooaploto dooaio of tinoo ooUo Mit 
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iM$m%imi of 0*5 ng «••§• In tuit «(MHI N«iiis«»ff»fli k • • • « • %• 
iMi iii4i)iaar mm •fr««tA«« tiuui s«*««lar«iai* At omm^md to 
othtr IgrpM of mXlB Mot lMt i iMfoi* Oft ttoa 8^M wift thi «••% 
Mfwitift mtXa iMHMMiit t^mf mf «oapltt»ly aitintcgntt^d mmn 
bf tiM in^idii of tmM9t <iOM of B^odytont tm mtX «« 
%ldUi%ti«iii A» In &tit ifittar Itrvio follovint %!» i|»|)Uoft%lofi 
Itt 5 ^ Ifmtar tnmmf wimlXm mmttM wi« n^l^mi hf iii|#o» 
tlott nttlisii tm? Ijotfi tut ooayoonOf Xt magr IHI cron^ ltidod tl^t 
OTs 8113 SFs 3f« ti!i« i^Mt fragllo mtltt vm tonpiurod to otlisr 
^^ no^ iooytis* 
T»» 0^ ?8 Of _5» Ultttfa wofO aost i«ii®taiit o«I1t» a« wm» 
payoA to l^ as l^^nist tmf mm not boaiy dwisit^ otvfi ^ ttio 
in^ootlott «iift ingtatloii of stronstot doio of B-oodtrsoao aM 
Mftldtteroiii A ofta vip to fftt*i^«X otaiti Hoiitwr» tJio pfoXoagodl 
of foot of I tO tiff Bm%^fmm uxA 0*5 ng Haldttox^iii A i^ to pogpol 
•tftgo bfottglit Obeot iaio!i ^mam ^t tin oilXo tiofo t t i U diotiii* 
goiiriMdilo* In 1» lOcaUBalAlftft *^ *<^ 0 ^ ^ ^ *i»*^ fooiotaat 
ooUf 00 jommiti to FAOf PIio sftf 9So ^ooooo ^MOO otlXo i»fo 
aot oioi^lottly <lioiatogv«tM oota Iqr ttie offoet of otfongoot 
tfoto of ilokljittf<oai A oo ooU oo tiiot of TrlOl (on onOlogoo) 
oooA Iqr tht ^iottot oatlwp* 8l«iloi> fowilto ooto otitoinod froo 
tliooo ooUo t t t j * jttiaBllttliltti ^ Ifl^ootiog B o^oSyiooo (Xiioo 
f f in mm ptmmti^ Am%m 1% i t ifvt^tit Vtukt tt» •«dy«oiiit 
«ato atfftitt^ into llvi ha«n»eftt« anS M«tM toii« %» turn U l » 
in %*m nmoBOftM afttr t ^ «|y^U«ftU»fi of Itwit owgofwat 
ne^ffomis ^»9m tSbm9t slffldlav to ttioM of iiwootialiioo Ibmt ^ M 
toxloitf of ^hmm oo^tofioo oisiyodri to M of loso«r !»iiKnlta6o 
than t^»t of tM itiwMitioiiiof* Bowowrt t^ it aitsiatngo in 
iMi!it9oliifiK ifwoetf tff %m ^qAfmmn %M that thtf ato m% 
%m^9^tm» to il«<i«ttoeKs m^ otter am-tij^Bt orgenalftsti «ui 
^ 1 1 80 to 1113011 beinis* 
^« a ? ifia ffff<rt ttC ta»imiatta ggflyitoBut 
%n Wm Dowftl lorvaOf pifOfntpao ona pti^ ao of £• lUttSftt 
total l^ oaoajrte oooott ( f® ) fiattefn nmo in iooTomoiiig ordor 
up to tBR fifopofal stofi #tovl^ a 'AmSmm {Slt66ii/an^) twit tn 
^M pofndl ttaio tHo floffi^tr of oolli ns^^mXf ^Ollotd* fliio 
m«f bo a«io to liittol^So of HoiMooirtta ^rlm nttaaof^Ho^Ui* 
HoooiNirt tim ioovtoio in "Sm mm o%ooifod in eertniit ooinlitlofit 
•oOH OS infootiofit i«9o>yf ooottliii as i«sll as in ^irviopMOtta. 
stoios oto (irtfiirlosifQifttit 1973)* THAWT oatt toagor U9P^ mA 
I935> olso Moatloaotf tiio variation ia T ^ ooAor pa^i»2o«ioOl 
stats meA ooalting oto* Tts ioofoasiot trtai to tm obsorfoA 
B^ &• U l m ts rsXatsA vitti aavanooaost la grov^* Slsilar 
stats of affair was sooa ia g* iflllfffifflifct Csbsi»irOf 19*^) t 
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not fvaiidi l«i ElUlalillft JiilSIIWll (Vittiagi 1965)* Xt 1« 
lat*r««ting to mu tiiftt tHC in iintt«ftt»4 J* AJLiflGUenUAm VM 
MgtUMP in thi 5tli iiMitair teppora than ^at of tUt adaltt of 
both mm9* Farthest in tiiio gr«oi^ ioi>p«r %fmv9 imo R mwttCL 
^i^mrpw^m «dlii ihiir«pd to 'Mi ^fiAiM vm hi^^r $a %^ t9mtlm 
ttma %m meX%B of IxitH t!io stapro i$%h iaotar twpfers iin& 
aidtiiits)* AgaiBf i t i t olosr tiimt f^ mmim Muh during f^ 
gfoirtli f@»loiS» fiiailAr o^serv&tioa %i&t iti@io in ||« ffi^»fff^»% 
C^nifti am! Wnm§ 1975) • 
f!» ^Isifiteiiratloa of t ^ ?i^ tioi3yte« «ii» l*!elr ooemltlo 
5@stfaeUo!t fo l lwd^ t>ie t»ent?^iit ©f t*» Xnspt®! ^^ f &• ^tayf^ 
ifWi aifffetont a?ii»» of ©oAyaotiit nm& in tHi t»fOitf}t foaoioNi^ t 
^^ fto ooi]fif!«)Oi W t ^ qeaafitltatlYO eotlamtioii of tho tetill 
Haipsoeftii ooctnti at oaoli atago to eo«pariioa vit!» tiw payallol 
oofitfot Ctfomtad vith aootona e^f)m Tlit intalBt of alfoiHi^at 
IUMO of SoOodfaoiMi ^ tl» 5 ^ ioatar lartao eaaaoA alMfot 50^ 
loot of total. otXif ia tiio 6tii iiMtMr iiiaofoaa ti» Xooa «ao kjfi 
with ttw intalit of HaMatavoaa 4« Sonaipovt ^ ^lo i^ootioA ^ 
Hakiatafom A 6s4^ otUo aoyvifotf* But ^»8 6tii ioatar larvoi 
vao inlootod vitli 6*0 ttg ll*o«lyoofla« ttiato wao gfoator ! • • • of 
oo]JUi in tlM pfOfM a^lL alMpi an voil» an in tlm pvpaa* JdltlMMil^  
tlii inofoaao in tf9 lilood fOlnno itevlng adhyanaod lamwii ata||0§ 
•«9^  olrflMiiiy dotffooit tte tBOt ^^ toaioitr of tUt aoiroonii 
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iM 9llm f9motmi!b%9 for t»» l4i8i of tamm^^B «• ttYid«fi% %f 
mm |i«lt}»loii«id oli»«rffttliiMi« 8tal l«r t f f«et «»• fonoA t>f 
mm liilaSw of HoMc^roiii A tfioitiii idigtitly w&f o t l l t mrfi^tA 
M «Mp««t4 %• tisat of I3»«ed3r99fi»» I n ilaUiJBliJl«rf at (4r«WM 
ftfiif y^rmntf I f69) fonai toif potmlaUon of fmmm&f^s ofoti ^ 
fNo la|#otloit of aaXliw* I n -Halyf ^ f t t f t^ ffttliiLle (f!^3) 
909x*o3.mteS ?% ^tm^m W t>» absoitot of i^wfmtm ^CLXA%& wnA 
mrfmTm o&fdinea in Wm em^f l i f t of t!«i aaislta* !Towtfer» 
Cteftft a ^ Sttt^i^asi^ ( t%^l fsaoi t?mt In oKlofwStfi tftstttf 
E* i f fT^?^^ ^^0 i-soipsastd* Aeeortlin« to Hao a t jai» Ct9%) 
4* fiJSaillnAf Jiatural to ^^ne ^of«|»a in %fm md^ by f ^ot'-io-
rsioio nlmd during tlie do^ttlopietit&i st^ igvo pzoooto tm 
fofcsation of hao^aooytts tis ve i l fui aitoais in tSrnm mXk»» 
On tiie otter neMf tSa& ^M$M»tt?ition of oac©pt!iisus oodjraoiMSt 
«• obpinod io tiw promat oj^rieioatsi oauM to^io offeot oa 
tHo hiOQooyttt* Stoii tho B-ooajriooB vfiieU is natanil Qoa^ oooe 
toofotoi by tho f»fOtl»roelo glen^t ^i^^ oxoionoiiiif ^pplitd 
on tlio loytoo ooeioodi ipfttboi»»ioity in tfit Imowioirtos* St oaa 
bo ooooUiMI thot ifio«OMiiig tlw tlt?« of oodygooo io tHo body 
8i«;f bo iioMtftel to tbo ffovtb io foiiorol. 
Xn J * JdfaaSHBlAlUlt lojootion of Maldotfoao A aiso 
offtotitf mm popttlotloo of t1» hsomooyttt* Both bopipoyt «• 
voU. 00 oditltt affooto<l bgr 6«Q of <lo«o tuul 4*ofoooo io tHo 
WOm Tbtffo woio oniy ^*0$ hoBttooftoi ia tbo oaloo wnA 2f% ia 
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tfwir f«W90flUf>» f»ntfol«« t ^ m was further dkimmaM in t!» 
adults sHmrlng tfw THO to ^ in tfii aalss anA 7.7^ > i n t te 
f^nates fts csvpfuMI ts the taflpostiYa oantfoXs* On t M otlur 
iiand, ifijaoti^in of B^odysofM in tha 5t»i Instar hoppars of 
a* aiiagfffflftBi ''^ !•»» •«'f«et on tlie reauatloti of m j as 
moifiiifeia to tliat 3f H&^sti9iO£[e A* tfia hoppors ofl^otad Iqp 
stfoni^st {lose of Bm&e&fmm ^iA ^%m% X^ ic in %m moXeu m& 
26«^t i!i t ^ foiii4@s (5 ^ar ^ ^ ^^^ i!i3tsar>* Siib9aiiaaiit3.f § 
Ifi ^10 jaffeeted aflalts (3 as|F oM^f t l» xsc was M> l a ^ » 
73iil@s nifiS 31^ tn t M fa!!^ss »s eotspnyed to the i>«9p«etivt 
gontffols* 5 ^ nmmnt data tliMts l^rttiiiy estaibllsh that tn 
! • iagyaa?ms,lalaa 'tBtcla^root k i» now to^ic to %fm iiaanooy^s 
nn mmiwm^ to i^ «i»Oilftiofis* ^fw&itmlf tn ^« littt-ym t^ivsaeNiftas 
wat9 laofo aasoetttilsl^ to »«iftfwo« i^ Uaoif aont t»ia« t*ist of ths 
^aldlstarona li* 
'^ * QiMl liafl tfftftl.uOr ffiiBiiiMin gfltfiiftnti* 
Oa tlia ^asis of tf» ^ota on iiffafootlaX haaaao r^ta oooots 
(OIID)« i t is airidsot that PHs in £• JUIium tartaa waya loss 
sosea^tibls to %m iotalaa of atror^st doss of a^aodjrsoas (6*0 tig) 
and s t l i l loss aaaagatf Isf tlM lagastioo of Hialdlataseat A 
(6*0 ug) as oos^asod to tiis pathogaoiolty daipalopod in ottey 
soils* Ttia porosotaga of PRs oppafsotif iiisyoassd 3 and 3ir tim» 
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mm ^ te^ ingeaUoA nafl lii|««tlAn of HaHt^roat A* Bat, 
tlWM 09Ut if»f* «(if« •ff^ottd bf tM int«l» of 6*0 ttg B^M^tom* 
Ttw |i«yipiiitait of T%9^ oa ti»« ottwr IwMf iqp»pi«aifll>t/ a««r»eMid 
lir tNi tutalv or B««dai3rioi» aaa Wiidt««f>»fw A ana tSw |i«f«»n%ag« 
0f Hit yaa !iof» M ^ M ^ a« ooapatita to tHat of Injootioir 
a^ldLgtovBDO A# Ttm F0» %rwp» fontntUy t^feetii tsf S»0 tif unS 
hlflfhor dctses of tsoth ^^seaysom and ^aWLsteroit 4» TN» GH« 
t»f» le«« Iwflttsmjoa aa aofflps^ jvA to Hi« auft HJB« Bat in oonio 
ntfmn %*mi9 nt^vmnto.^ mnn hlz'h^t t'lafi *hnt of ttie eoitreiX 
ifldtoati?^ ii|^a»f»t tnomnm in t*5® faee of t?« *itf^«» ^©ttiiiow 
tion of ttt^w tf«®i of mVLB e.r« l»i;.« ana POa, r«rt*Ktr» tlw aatB 
liiaiiiati'^ t*ist ."^caiysojie w©» Joss wfrootl-w to ^mtttvof tmm 
mtlM* ttm ^rmntf^ of Mit ^tm sdmrmT^ ^foe^a bf ^•$ ug 
Italdatsfoni A eltfisr by iiiSootlo» or ioii^atiaii ^M eomnmmii to 
^meA'ymm bmmm tlio piifftaQtt^mm d««txoyo4 t^ itiie otUo 
own bf Its noaliist iooo* ibeaot^  all tht typoo of oello §1« 
eHovod wt^ i>««lstasiQo to tbo offoot of 3»^9^mm m mH m 
VWtm^ymm tsooaaae ttiftir i>ofti«iitflgo graftiaUy itiofoaioa 
own vltli tfit of foot of 6,0 nf doao of both ^M eodytooto vHon 
tbof booHBi iKifO tfioo ton tiaoo of ti» ooottol wltfi rtoooot 
to iififtooofiftoot ond 16 tiaoo i»»f« w*ito offoototf ^ t b i^^oiyooao 
08 oo«p«fo« to ^ot of t!io oootrol* ?bi bigbtr poroontai^ of 
tb»M oollo vlwR tho inaooto vore affiotoa bf t*» stroosoit 
aooo of tboio ooAyooflto nofo iodieotlw of tbo foot tbot OBo 
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•arviiMNI dtMpfi^ rAtitwtf in Dlffs»r msitmw t*w» t% otlitr otlia 
st^Miii^ %li» t»tal futnlitr of tli««i @«13.e w^ l l t t ln t^ tfottf^ xnit 
t*miT ••ti»ii%loii* 
T^ mwrnnt data i s riil^ s la i lw to ti» tjf f®et of 
V-^^e^jmm o?i &• lilgfift tjy laSeetiou twtJiodi a^cst^a Isy :iisli4 
<1999j» li»@od3r«i»as omtist taswi duaasi ^ tht H«si:xicfto« Ijf 
$j!s3eotl0n tiiia tey fooditiK* FartJKrt i t eafi m ss^acjltt^i timt 
?»Qe3i.y»/jm iM w^m ©ff»etlw in dm^'^^tm t ^ ^0iJ?:»< l^®3 I33? tmt^ 
it?S eetS.©!^  QM I'jfBstloti iat%jA^ o'lA i t n ^ fea nn i^ ltfirrmtlv® to 
ot!x?r iTHscstieit© to control, ^m fjopilatioii n^ li^dene© of 
£« MhteTO ®a it© i'«^ «ar©ps ir? t ^ f ict-l. If eso^-A^tMf 
sffuotsd t^ati t^at of ^m V%9 eM OHt by tins Ififeetioi} of iKitlt 
Trlol (wj a?5alog««^  «*»ft Hrittgterone A <» T>l!vt«>®o^ y»o»)» ^» 
tf» ot*^ *!' '^ cimit fiSai «»i« t!» miit s^tifittl-w mtlm h&ttmm t^f 
ymf mm'^'^tf ^tstfoyoA tueti li^ f t!« ifi3«otion of 0*^ tif doao 
(iMaltttit) of iKit^  t$i« «o<S]r»ooBs« fht tnwmlmd as imaEt typ« of 
sooflitiYO oelit* leiiMirtrt OKs of tMs iip«ei«« also sitso «ipt 
Ttt l l t t t l l t 0&11» ttH QOBRpaMd t o a i ^ Otl43r tjTIHI o f O t i l S tfjt 
both tfit todyi^fnit* Tta» data oliwrljr profidtt that Siriol doaot 
fooerall; daaitifi^  (HT disintegrato e31 type* of ooil« in iiiglaor 
yorototago than Isy tlio iojootioo of tiie oorro^omlliig OoMt of 
2S3 
Alftimiitli tiiMi i9tt«it» mm %mwM^ oiAf by i«S««IA»o nttlwdt 
mnA ttdnltt of this MifBBfmpmm toy ^ it t»8« of twImX iammB ift 
tiM fitl4f if emmaAmt^w ft&tl^l^i* 
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illXStma aairtaXiti t!Mtfe«yc, (Ool»o|it«iraiaant^arld«e)t 
l a rv^ t mpm and adulta of SnlXaWHBI aUBiXmA *'-^ ^*t 
(Lei^liOffiteraiArctlldao), SaaagPtel-a l U a f i i FaHf •» 
Ct«€»|»id<}pi^ r&tioeti]idatt) and aor^Hi mnd adtslts of ilMCBftlssSlUI 
y^gyayerpis^ f^f '-^OMT* COrtn^t&jraSAarMidai) iraa aado Ijf 
using Slope's and l40l»»rtart«a atElna* 
^* X^ x? $^%33itioatldOfi of diff^roal hmma^t&s la tinmA on 
tlio !iiato!losloi& vdvlEtlofitt m)d staimng rsaetloiia* f!io 
Ysvistlofia in aiao miA i^ip« h v^o not baaa tmloin is roliabXo 
oidt@ria for aob^diiridii^ m^f o&^mvf of oolla vith aiailar 
!ii4itoXogio«a. pio^iro* Ttio m»i»(%Xatisfo of thoao ealla la 
Stiitiflaibl^ baaod on that of Joaat (t96sl« 
B* Zn E* i»«i>*i>fM*t i^foH«iiiie^f1»8 (?lla}t pXaanatoeytea (PLa) 
granalfir fmoaoflgrtaa (Gut) and a a^olaS. typo of oolla 
ifore foofH la ttia foa»Xoa and tho worliara lihafoaa In 
^ » fialaa o a ^ l^ Hc and Pta ifOfo aaoii* 
ii>« I n %\m OoXooptefana apaoiaa, A* tfllffitfitlUll &^ ! • 
?Haf FI*a| Oofsoojrtoida (OSs) am cyatoojrtaa (Gfa) «•«« t M 
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mmmm «tUt* But tht ^mmmlisnm^ ^t tlit t^tmw wp99i»» 
ftlge QOfittitwd spiwYtil* etllg (SPt) maA ttmt of tlit latttr 
5» 'UtosiJi va« pratfmllir KHTQ in Pi\s &M PI*t of £« JUbamAf 
1* raiftiaaaii &»l H* aaatttlttlft* Hoinrverf a^ilofis vat 
efbmtimdi tn tm Qiit «if t^ fumnl^ s tml Hie vtsFlc&ts of 
£• Mtaraiat and ia n»» of 4* JSemsiatOllA* 
6« ttm tym ^t litioiKiortttg of MA€l% m^ larvat of diff^ i^^ iiit 
ana J> 
^^ «;• o^^i^'i f^viv IIMIX^ (^161 the so i^®ro liltntifioi as 
Pl&t ^lff| Ql?#, A0« aaa ?oJ0^^« fPOf), 'tltotlo staivn mm 
mmn in all. t*io trfmu 9:mmt la \^D»« 
^« f i^iaiXartft t!« ti.'po of ft®« ha«aoeyl«« of rfdMlrn um^ 
tmptm of aiffofont Inatfti'iy PT9ip&pm^ pm^ and adults 
in ai^ | } of ^* JULtasa v^ iw ^so slilBi* Bttt onlilK H^iSiUaui 
In £• litoJOl 3r«ail«r ^oKtoortss «]^ Es)t ^phsmlo osUs iSf§) 
9M C^ l'StOOyttf (Cfs) VOCO additlOB t» FBSf FLSf POSt 08s 
sal Ads iiiil«fei MOV* fooad in botli tus spools s* Fort^sTf ia 
&• Mlttta P t o s i s wss sssa in PI>Sf K»St oas and (^s* 
8* tJniUlw Hui Upidoptofoas s^oeiss io tuo p«stfiop9*rf 
1* StitiUSOBOMMB ^^ ^^^ tgr^ os of hsMooytss vis* FUs^  
f*X*Sf ciEs md OBs oofo foiiad in both lioptsrs and otelts of 
oithsy SOS* Ols osro tuo lsf«ost in siso mmtm sU ttM 
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t»MWMMqrt«t and iiliiii«l«ftt» twm9 ntf* wmn in TB» and dlt 
ytHmfwm m f«v Ftt h«d bllob«4 aaeUl* HitoUo dilYi«l»iif 
nmn 9h99vwwik la FLs tiai OSs* 
9» Siib»ltt!si3l uonoftntrstlunt ©f nm (0.2<, 0.3^ and OA )^ 
%?at« tofpieally appliwi ©n ttit 3iNt Initar IfirwBt of 
£• fl^ r^ ^^ ffl dtid ttniF «ff«et vtts stdaiftd on diffevwiit 
!i!iftr»'^ ytes of pm X^sTvm of fwbwquent Insisra* ^ve 
a«^ t«i?)t Cm»l'7«iit) or l ^ t i}ntx«at«d« 
10« rc3?i«ii?^ ";jtnt of f atholo^le?il syis^ toiaa i^ a» obaaxnrod In PHs 
of If^ i^star latnrat afftatid id.tli aXl ooooantraUoofi of 
DBt* tfmm %«ei« aeoo2i»a.^ ad vll^ atioeatrlc miolautf 
ruptar^ osiXl mmhtnmf oktmieaaJL vamoXaa In t'lt o t^oplaai^  
ana s^toplaasio digQlia«i<i» Xliaat n^wiptamM piogfvattd 
t\3LtVmt in t)ii latar atagea and la th« pn^ pti^ aa and tlsn 
fupaa aff0etad uttti 0*ii^  011S ooi^plala daaafo of timm 
oalla ooourvad and tiiaao oould not im raoopilsaA* 
11* In affaetad Wth laatar lapraa, all polfoovptiio Pl«8 mv 
danaiod by 0»3f Wt Imt aaaH and rannd Pt*a «nf*a in auoli 
onndltlon by Ot^ OOT* in 5tli and 6tli inatwp larraOf Hiaaa 
oalla OOQM itafidly ba raaofoiaad and in t!ia affaotad 
pftpopaa thif baaana oavplattly indiaUn^latudila bf 0*1^ 
COT* 
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12* kw f«imx f^ K»f, d«wl4ipaiiit of irMialfir vwrnd/apoAtrnf «3pto» 
l»l««le vMoolAty OMtntfdi} mieliraa ftiiA foptauvA mXL 
mvAxmm toolc |»1M« tiy 0*2^ iC and 0,1^ DDf in «ff»oti<l l»«|i 
Ifwtar lainrMi* wiitfOfta in tiM larfst aff««ttd vitli 0»l4t 
DBT iii«flt QttXt vm aljB9tt 90iq[il«tii]r difi@ 9^d» In the 
siibt«tMat instaum only t ^ oolls wiiA mt %^ tr^ ooulA 
lit i^atif l«€ 1^  t^ljr r9i^iiii« 
13» Alt^ iOfttg!! OHs ^ irt warn c«sl9taitt thwi other oellSf thior 
i^ siO s!}0H@i $iitr«i» @#0tntriO9 i^l3«it and frapjfut^ i»iol«i 
mi^  iisoisrge of Q t^oplasst l^ 0*2 atil 0*j^ JOS la @ffaoiad 
9^r^tgmn $MV9lsfp9(X fm%h7r aeoos^jaaita witu the dlse^sygo 
9f o^y^isissle eonttatt lr«slwatnf» liit miel@i tay 0»^' •^ IJT. 
ClHtlsr s feir e«Ils i» tti« ^fteted «r@pti|jat retsal!^ Intaef; 
^•1 tH^ fwoi tfitotle ftmT^w* ^tit in tfn ®ff«otta pupa* 
tijr n^^ * 1)!^  Vtmm oeiii «9f« o«ily fosni in ttio f o n of 
%%• Qn t}m o t^r tiftndy ADI HBVO tlit nost sorwitivo oolla b«oauM 
t^oot ¥»f« doftfoyod «iMn bf tho vonlntt oonoenti«Uoii of 
DDT sal tweaoi IndittinKaisHt^lo 1^ 0«^ 0ST in tfth iastor 
1!^ * In eaao of BftS Inoter UTYM of 1* Utnro on tht baoio of 
W50 ^m ffoioott* tttH-lotiiia ooaoootratlooo of mat wtfo 
0«05^ y 0«fC oaA 0«2}( for topiool a^Iiootloii* TIIBQ in tiM 
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Aff«9tt« kfih Imtwr larvfi* t>y 0*2^ Dlif, aott of tHi Pat 
ee«if}^riQ* tiowivttri 9oa« 9«XXt antlsttd tills laa«etld&d« 
•iptn Itt hlglwtt ooaototratloa* Xa tiit itffooted lorfoo «f 
of tlM mtbaoquoai latteiv Mst of thtao eolXo laoosoo ladlo* 
tlngulitliOlilo Tsy 0*1 sM 0*2$ ooooontvaUoim tti S3m %mSX9 
%n the Tifeimpme mid Vm wxpm thoro %m» rm tmm of l*Bi» 
16« In 13^ mff^ otod h^ tmtmf larrmo Isgr 0«2-t msf PLo vofo 
ooisplotalf aeatwifod* T^ytHtr la sttt»«Q««!it ln«tara 'Ptn 
effeett^ t^ swri i*©El^ st ocjnsHiitrntlon WITB fouwi «*««twiot»d 
as t*ioy i^M j«iliteo4 mclftl iM rJT'tQfsd mXl wsmhrnm vt^ 
nwif iiaem.xl@i botit In t!» e';t?5n1aw aisa t ^ iraioleiis* 
31i!!lla3»Iy, ?0s alao «iff«r«a« 
1?» On tho othtr Vi«nd, Isi tHs t|.t»t Ifiatar lar*« affeetadl nitli 
a«tlC !>0t| tmwt of tht OEo wofo pat^logloall^r diaBatad lay 
devo loping IrfOftalar oeH imtafyrmm^ Ojrtoplatsilo pfojoo* 
tlofW aod vttoti loo la ^M nuoXol* Hovotort la %fm later 
•tfigoo afl^otod v l ^ 0*5^ ooaooatrmtloa thoao ooXXo novo 
ooqplotoly dMofod* 
18* tiio •»•% foolotoot oollt «•>• OSo but thof «loo dovolopod 
o^rtoplomlo vaoBOloot dlaapod tiod frogaoatikl ehtoaotla 
notorial wad ihoiiod oytoplooado dlooHtrso la tlio h^ laoior 
larvoo offoettd i d ^ 0«S^ DOf • Altiiooih la tfio tobooiiaoiit 
Inttart thoao ooUo woio Indlotlufpiliiitlilo \sf 0«2iC DOf, 
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S«ii tataot Mix* \mf9 ot>9«rv«<l eiptn tip f» tht irapal •t«fi«* 
Ifi eoatvftflt, AOt« C7« sod SFt if«f9 ^rjr mmtttm BSHA 
mfM m% vwmXn intaet ««•» in t ^ affiottA Uth intttr 
3.iifir«l •fva by t»it w»«litt «ortoenti>ftCl0ll (<••• 0«0^)* 
19• On tiw imtis of tii^Q of Furadati on t!M ltd inatar Isunrti* 
of £• ftfaiit^f izk nr nM) tm »9l«otod mb^iL»t^&l 
tratlo'i* wy® 0.012^1 CJ,CS5;'. aM Q,05,i f • tHin ia tl» l^ th 
lo tf^ miolei m3t Gftopl^si!l« bjXglf^ In mm 0@2JJI* In 
tit© |s»patti^ aff«8t#i ^ ^ etsa 0«Cita .^ ,'.', tliea© osSls 
tmm mtts ^&m mt s«tii« 
taorpliie Vt*M !iad eeoeitt^sSf irs«imXap vnmx Ifited si^ 
frcig!!i»iitod f»oX«l» TTonsiimyt SJsmXX mrs^ jeoand Ws ^^os^ 
ifiaiatitiRuloHabX* In tfm mhmm^nt Initori aff«et»<l ^ t h 
roXatlYOly highor oeneontr t$on« of ^» 
2t» AXtlMRifih In tho Vtfi instisy Xartao laooXttd ffOB t*it t»«atod 
Sfd ifuitar Xftrvao AOt voro hlgfiXy duaafod i^itli tho off«ot of 
wiilioot oonoofitimUoii of F^  P0« wtfo lodittiziKiilfliobXo Iqr 
0.02^ fOA 0*09$ F» OSa w«9« aootXy ^stfOfod bf 0*Q29S( 
imA 0,09!C ? in oXX tbo aff^otod inatara* 
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aa« tl» 1^90 9t FuroAais on 3fd Ins tar larva* {2h kr«14> of 
&• XUttCft vaa aa«li lilgh^r noiKSADtrtttSoa (0»^) tiuut ttiat 
of fi* o^ijgaa (0»OSl^ )* Thutf la tbla ap^&iMWf ttm MlX^ttA 
•iib»l«^Ml O9ao»iitr»tlofis for topioaX appHoatioa wort 
23• In tilt affcctad J*tb ®94 5t^ lastsr larr-^t PH« ii@ro tT«^roliy 
«!isffeet®<i toy all t?i® oififieiitrwtloftt «if F« Ho'^wr, lit tli* 
afffeoted 6f8i inftar l«'rf9it TiraJoiAty of tmm mtkm Ijsoaao 
iidliti^im.iS^a'bl©* Xa tli® T«»1*sm« th®s© cjells -^tal 
i?re<?inltntaA <^ t?TOlf»»i!B l3?y C>»$" ana 0 '^^  "' fmt !?©o»3t 
i-filnti^f^ilsitfifeXt by 0»'f* *^ » ^^ i2.@ in Tni??n4» t»^ a® cmlls 
2%« In t ^ FttraSau afftati^ l^ th aM t^*j Instnr I'^ rvj i^ ri.i 
railiioodl atyS fraioeatod naoXel unA ruptured oolX nMmbraoo* 
7!wy boeaiiMi indiatli]gaishal»lo hf the effoot of mlatliroly 
higHor ooneontratioa la tho 6t!t Inttar lErrao and proj^ spao* 
viitrtoa ^iof» voi 00 Idoatlty of liioo* ooXlo In tho pmpm* 
25* ^ t t of ^w POs dlov^ iopod oaiir oytoplaaoio proJoetSooif 
irfoittlor oad wiptaroi ooSl n^^raao in hisi% inotar larvao 
•ad tboir idoatity was aot oartaia in tim •ubatqiioot iaatart* 
26* 9]lt h»A radaoodf frapvata^l and acoontria mieloi, metafodi 
eoU flMiiibrana andi diad^amod oytoplaoa by 0«2^ F la tho 
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«ff«ott4 VHi ifwtwr larvM* They wmtA }m iA*ntitiMA Iqr 
tlMiiP rwMlfit in t?» i»i«|yiipae by 0«t€ and 0«2^ F bttt 
b»e«n» Indietitiffoitfhablt at 0,3^ oonsttnti^tlofi* 
271 Mott ef t*ie 91« h«d fragiitnttd s^hronatln iiiatopiai bf 0»£S F 
Ifi t!it affflattttf t»«li Instav Imrvtmif bat n fmf of tt»ia oouldi 
799itt all tbe f30iio«i!itr t^ion8 $>f r« FathoXof^eal oonaitioii 
ftivtf i^p l»?ogf«3Md mhm paiitly aM theM atlX» V9m 
iSoa'ifed Qoiiislatiily in ttw prvpupaa by 0«2% and 0«^ ^ ooiiotii* 
ttBM&m* tn Vm p&^m timm Q«13.« nor* oot swtii* 
^B* Xn t!s@ ^fsetid ^tti Instar lanras U^JS %i«re oot smn &inm 
Ijy t ^ applieatlort Qt t ^ t#«alGeat cs^ ndoatr&tloa* il«iiiiir$3P« 
worm of t^ idsa rrs^'Mid la dasHged QQiaAttion la th« liir?B« 
»f 5 ^ atid 61^ lustK'iftf pi?©fRip8® aoA ai?0?» Ifi pmiaft t^ tim 
atrofnteit co»»aeiitr??tiO!t ai wtll. 
39* Tlii ct« Mid flPs ver® wry sensitive and fv^MiX^ bteaas* 
tb«M wt« d09troy«d ooispletftty In tfm aff«et«d Uth Instar 
30* Xn 17 tpaciiit bvlaiiilag to Or1$iopt9ra| Diotyoptar&t Hmdp* 
t»mif l«9id«|»ter«, Dlptftra* Hyaeaoptarft and Colooptivat l^^ * 
••MfViimt of giy«»g«ii in tba hattiao^t»a was attidl«d by 
^aiitatlY* biafaliaBioaX aaUiod (?m taat)* Bat glyoagaa 
s lya t t* dapoidtt «tf« poaitlvaly pftaaat ia t£ia baaaaaytaa 
of oaaiy g» ^*<**'^ aad ^« ijytaeia Oiyooiao vaa foaoA ffos 
3fd iatlar lanrao to %m aatty papao* 
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31* Is gm ^^tflw* iBjpfm and pmp&pMf glfmgtn ^9p^»X%$mm WM 
m^n in tlsn f^t« «f flot ir«m3«f s« v«lX M «n«l4 te Iftif* 
a«fii9t« •eXoofvA iiidlttsioiit (foaodt owld or •longattd in 
mw^ • fnrtbmWf vmh d«ip<ialtloaa %mm fooad ia <teox«Mliig 
tie&Uy iiipMiiig ^ U s aXaci ooattilfitd gXjroogtta d«posit« 
32« In ^« i|»>liq|a% nlfmm^ ^wp&9t%n in tiie form of fin* 
ppfiflttt«« i«i*» i5ipe««iit ^sttjf it! "WA Inttar Imrta© bat at 
t»« fsowtli 'pm%'mB9SAf in the ^&jjoFlty «f etllSf j?lyeoftti 
to fQnm cja(P?!»aet Inca-aslonit '^.tl'a?itty In the *ta»iio«ytea 
€lf t^ it t5t«tpi|!a9| fply<»|y8fi %*r?« Q«lf In aoamaet elnelnslami 
i^ l«% imr® ntmSMm nt t»iis »tt«ft» Hmm^er^ in tlw yoani 
|i«f»a# (If day oM) f»lf©o?r«?t inelitfiorw %mm fouaS only In 
FI.« and t^if %rhl«Ji l^sar»!!«ra«»a In plAwr ptipao* Likiwlso 
t!90y« iiers no ^lyooipn ^posits In ths hmmQer1s»B of tlio 
•dl^ Xts of iMth loxtt H]^  lo 5 <i«ar aiP« 
33* trtAilHi gm il^ lfifffirt lit &• lUttfii gXf oogoa dopoi^to i«»vo 
pfottal ia looMir oon^r of luMiwoyttt ao& oaly ia ttii 
fom of iat^oioao CvtiiaAf ovoid or oloagatotf la Hiepo)* 
Xa turn ImnA iaotaro thtat aopoaito «ofo prtaoat la PAo» 
PI»i, POo aadi OfUi latftadlag laltotleoXly aivldln^ oclXo aiao« 
aoHOwrt la ttit i^ripipio eoNiiarativoly sort h«Mw«gr%to haA 
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ilfOOiVA laoSnslAiui w»i« ipfVMRtt in wSkf m tmt ?t»s« 90 • 
aaA 6Rt* Bat ifi the hoAfwigrttc of oXdtr impat eaid l a 
1^11« lo f lioth •* !»•) fiieM ifKslaifoiit ii^rt t^ti»^* 
3V» Th» ©ffieet of to|»ieat applionttofi of aiib->t«t!%fil eot^ sontva* 
tlofw of tfteHriiemI "WT m& Fufndea (as imntittmA befom) 
vat alto ttttdinA oti %fm hmmmf^n irlyeo^ii folloviiit 
th»ly fi^liotittoa Oft ttie 3fa institr laiptat C2H »» oM) 
Tm ^lyoogon aotitent of 'v r^toots HusmoeytAS was sstieiatcid 
ia ir«al»«i«aitltatiw aefiosi? f5o3lo«iog tiM mmXtim of ttio 
Seated ^anr^ ie to mi^ iKJ t^stat st-ge* up to pupal iitag«# 
^n^spoisSing^ iiof»i^ 1 ^ f^mt&m sffooted stage* of 
^ ^ ^ 1 ^ iast&irs wad a ^ utro t?» ^spoctlw oorttroXs* 
$% In iKitli £ • <*hiim«» ia& g^ JUlKBif at ti»» gxotrtit stag«« 
ai'9@Lf}o@A gljroog^B dtpositu ymre ©itfiex' disia1^ii*at«d or 
r@^ood ^ tho offoot of dPt TolatiHl vltH I t s oooooatra* 
tlon aai tiaomiiirttf ha^ l«@«t glfoogoa* Xit ttio I>V«PI|HMI 
of 1 * lilaSftt Slroogoa laeSaiioiHi i^moared to 1>o bfolna 
Into maHor plooto And ffpf«ad a l l omr tf«t ortoplftM* 
36* fim oaVXotHal oonooatratiofMi of f^vaiao wora toxle to 
i t f oof^a iapoalta of tha haeaooytoa of Itoth aipooioo* 
Fartfevt tha flgrootaa looliiiiofw la tiit tiaosooytta of 
E* ai>^l*f»f «•«• 41otatograta4 aarllar thaa fni-opopal atago 
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vfiM tut %mm»tvtB9 tsaS tmrmty i^ Xjrooivs laoSnsiviMi* tn 
•MM • f g* lUBUOb liMii»«3rt«« of •ff«ttt»4 l»lli iiMtar XayvM 
«»«t]7 dl4 not Httiro ilyooipB diopoiltt In thts* Buty & fov 
Kl7«oir«tt dopo^to vof* pfOioat in tlw hooaoo t^oo of onlMa* 
qpiont inotitrt* Xo t ^ tuoaooftoa of 6 ^ lostatr l&rvtOf 
gif ooipii aopotltf %mm hminn down lat9 iei«XX^r ploott 
mnd ^miad aXX over tHt oj^topX^m* 
37* Af tor tilt si»pXioftttofi of aiit»»X«1»iaX oonooatratiom of '^t 
^t SL* fi^xin^f (3i£ iisfitay Xsrvi^t 2>» }ir oXd)t Imttm of 
t ^ mtisa 'i«int ins tars ^m& ma-m hmwoeytai with one ineXii« 
iSon iMt t%o ^ftxlAM nui^jor of ineXuolong rodiaood froa 
3 to 2» Tarthert the f!t»re«-!tapf of «TXyQo<?©n (Hifttaining 
^^oaooftis C^Xyoofttt Indlois) of tlw affnotea *ft1i lastsr 
Xanmo WRS Xo%»r than t^mt of t l» noraaX. T i^lo In^ox 
2!«oXtfMdi frrailaaXXy in t ^ 3uDto<pe^t instara and beemao 
«»fO In t!» uropapoo w*l tf» papao aff«et«d i#it!i titgl»r 
oonotntmtloiai* 
3S» I n tUt tftai inotor Xarvao of 1# JUImai a^footi^ with lub* 
XotiiftX ooaoontvotSono of i^f, naoaoortoa witli ono gXyoogoo 
laoltt^bos mm IMM tliooo of tbo aormoX Xarvai witli foipoot 
to tXX ooaooatrfttl«ai« the aaxlMn aun^or of gXjroofin 
iaoXatloat rodoood twm 7 to M^* Bat ia tut prtps^ao oad 
^it pv^oi affoetod atth HiiHtr oonoontratloiM of mt^ 
l^yooitB ia^aalooo aaro inniiDta de%m lato aaaXXor p&oooo* 
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TtM fiilfmmn tvAmt in t^m htmmeffmt of sffeot«d hth aaii 
$iSh trmtmt lartat shavply 4fopp«d Imt liton^i d(|tiid to thot 
of tlM noTOsi id 6 ^ Ifiotar tsrTao I^%MI to mow dofftntotloti 
of ttii liaoaooytof thofSMlvos* ""InaUy this VM rtdtod In 
tt» prmpvmm a^ thd pm^m as eosi^ iiso^ f» t^at of t!io 
BoniA t>y a l l eoncoatratlorjf a«« to fttjrtlifr dtstfactJoa 
of tim mtlMm 
39* Zti tHe haosieiojrtva of 1* ig^ y^baiAf tlM glyoogon Indox vas 
affiffltei with SiSfum^t ©oiKMirttrstioiw of F also* Xm 
stiscitsna umilior of i^ Xfsogtfi inolatloai vm yeiibioodi from S 
to 5 in <^3J. t)i@ laffsotea instai'S* In l^m sffaot^ 6tli. 
Imtar l^r^gm mA tlis p3p@ptipa&t t!» tmeiaoisytsB taoDtaioiisg 
Ofit itt^i!opii imlttsidn mtm fmm in m^ aftmr than t}m mUtu 
¥itH fim i?y«i!ale»# ^ t t*^ *© ''^ a ao sjlyeogoii doposits 
in tfio fiaeaooytof of the "'laijae. T!» «fl:^ ooien iniox ia 
tilt affnottd larrut i«^o«d and ^o®s» V««PSP iHfiftAfiesiit 
in t1» piufwipao aofl ftsiptl*93r tjooiww S&3HI iit tht impjOf 
f»Iot04 VitH tlM 9tVOtlft1t of t?1t QOflOtfftFatlOfli* 
W0« Zn li* UJBEftJiWfo* aff«eto4 vitH diffevont ooiMiOfitrmtioat 
of FofttAoOf %lio OBribor of i^ ljroogtn iooliisioa i s tiio 5tli 
mtA 6tli iiiotor Xarvao woo lovor tnta that of tiso ooi«sftl 
lofi«o (oontfol) mtiA tm acxiaoa autaibor of glyoogoa 
iMlsuiiotit ViAiood froM 7 to 3 woi 2 p«r lsat«oojt» 
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miptttiiptlf • Xa tut pw9ipgpm moA %tm pujiMf AIIO tiM 
umOmm wnftMir #f glyeogts lin^tloiit f^«9A frea ^ %» a 
«KSJI^  a » s ^ mt ^tm ^es^mi inoiitsSoii* Tim flf«ogdft ladiftx 
v«t ImMir tHttfi tUftt 9f ttw n»rm«l in tn* 5tli and 6ttt 
iii«t«r lartM aid insiiftifioant In t!it pwpapm affaotad 
vit^ 9v»i} JUnwftt eonetDtratSo!}* Bat i t bdosit hlfhffr t^ >«B 
timt «f th«r norsisl »t lAgHar ciOTHMintratiatis aa« to a«9tntii» 
t%im »f 'mst of tiw hrn'mtsf^n ana tiit «i«|ority of f«t9iil»» 
iflf <»ti« l>aHtjf *flyaofttt» Sti3ll«r isitaeitlofi iiswuitoft 
in th$ wmpm^ 
t*t» *'l«??t Jiffgyent dos«i of twt®Iy«or» (0.5 «gt "J*^  ^ t^ -•^ ^ t^ 
tf.O ii<| swa 6«0 ng/iarfis 5 vepa lrig«ff1»d 1^  t!» 5th liwtar 
1«3PV»» 0h ^ old) of &• lllttCftf al3. tjfp«s of hasiBooftoi 
•xotpt CIgg of ii%ti imtax* iaxnao (2 dtty ol4) wift gnifttl^ 
ftomgod hf k*ii ug s ^ k^O ug ioa«o« Bem9mr§ muf Of* miA 
SPs i>rar« l»t«a«»ly da^ ag^ d avoii by tlia iotatce of 0*5 ug 
dooo* 
U2« Zagootiois of diffoi»«at doaoe of B«>®odyooao Dgr tlw 6tli Inotor 
Ittmoi i2h *vt old)« omiMd Intiiiiifioftnt daiaoio on ?Ho 
own hf tht otroiivtot doto. But l«t Ww off^etod 
floot of thi F»t mivt diolotoisriited* On th« ot!»r >^ «iid» 
Pit in «!• affoctod pYotMtfitti and tha fopao voto ooaiilotal^ r 
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^•%f«lf«4 \vf 1*0 Hi and ^ l i ^ i * ftoMi* fUt PQ9 i l l boHII 
ttfftotttd t ta ivt dM not asp99tat Iqr V«0 «is ftsA 6«0 of 4tttta* 
f i » (!Ta mnA st« vttiw t ^ tto«t s«ii«itif« mXU «B& mf 
IfitAin of 0*5 »g doft* TIM oat wm &9a%mfm4 ^ tut 
• f feet of &»0 ng ao»o in Urn pt^papm aaA by 2*0 ug doto 
in tUm fti^nA* Slii iU)* ymS9 d^iiistt^ by W*0 lag I IOM I S tilt 
pfttp'jpad andi %y 0«5 ug In impat* H(i%r«v«rt ^ ^ ^^9 boins 
tiw vmnt mi^t&nt ottlltf ti^ r@ foetid with ondjr rttptojwl 
soil f!tei^ 3*at» tmA uf^lmmtQ lots l a ^ o |if«|iii|}a« 
afft<jt@a 1:^ ©ftis stjeOBgeit ae«»« ^ t In t$*8 affaotod 
tJttpBOf a»8t of tisesB esUl* '>^«f dislateiir^tid siid oidy 
H3# Co!Wi®ia«nt wptm tli« |satli«»lofleil tffiiet« on the hmmmftniMf 
the tot«3. !ifiitiao<sirtt tioatits tfW) ^mm wi^^m^f imupp^A In 
6tli instar latirttO foltovinf tbt ititate of 6*§ ^f doot and 
Ofily itoOBt 9 ^ oollf romalfitd* I n the pTWfmpm wnA thi 
pqMM effooted by 6*0 ug doiOf Tll3 veye beveter Inelgnl* 
flLOORt* 
¥i>» Ooffospofidloglyt in t ^ affooted 6tb loetor lortoBt ^ ^ 
yoff^ ooftteiP ^ Fili vet oottly uneffooted by toy doto* 
furlhory tbelr povoeoteso vet ei^perentl^ bo hlgber im 
tubtocieoat otesot tbowlog donblo pofoonteip eftor Ingo*-
tlAn of 6*0 uf doto et otapefod to oontvti duo to tbo 
278 
IHi aaMiim loM of othtv o»ll«* ^fmmmtt tin |»«y«tiiti«i 
ttf Plit ««« f«^OT4 to lOiottt ofM ttiiffd of mo eooti«l. bf 
i«d ng Svoo^ooaft* tim i^vmntu%m of PChi i^ii &ao eiloo 
lypftfORtly IfiBfo&tod lioeiaso of ttwir oonpiiratito roolt* 
tttiio* BoA •orvl'val as Qois|iared to other otXlt* Duo to %\m 
iiit«ii»t9t ^aoago of ADg, STflr and SFt, rvofi l»s^  tiomlciot ^OM, 
tihdii* "ptyoifita??© va« iicimeeoafitabli^  T|!« f«i«wn%i!i!0 of l*H« 
ifiewRfod !s»S FLu i!ee»ii»?t i«i t ^ vt&pspm «wi! tlit nopaio 
moaXtitdl fftm 6tii iisitiir tsrvao t^iett tfigostod iSiffofonl 
!le»ei of «^Miod7tom« 'Tit pifWiJitJsfso of HS»f OEg audi JU3« 
t^tfw® Iii3t«>t5lflsi«?it !qr higgler dotmn %n t*i« ts»i»i|jiie «ftej?@a« 
tilt iieyetfrt'ig® of tflo aprisi^jttlf iueyeaaoi in ttMi piipas* 
tm paysenttiio of OEf a^furently laey@fifled la t!i» propipao 
to about 15 tiiatf of ttw ooitt:roX Imt dzoppod iti the papm 
lof M.gfmr ^Ms« 71it appafont inefoaao In |k«ro«ntago of 
M^ tirpt of hMMoytot vwi lo thm torn of eo^loto dli*» 
Ifstogration of o^wr ooXlo* 
h^m wtioo ^Iffoioat doMo of Trlol (0*5 ng* t*0 ug, 2*0 ugt 
't»0 ttif ana 6*0 ttg/ln^por} iiof* io|ootod to 5tfe iriot^ 
fiapfmrtt (U8 nr old) of ^* jlgttflBiUJttftt ^ ^ ^ ^ <uiA Kio 
veto oxtioiitly d«Mft4 W 6*0 Hi aoov lo 5 dt^ old ^tb 
IfHitor liopiNfo* thi OBo noft ooaiplAtolf testrosrod vimn 
^ 0*^ uf dooo* ge<it?oy» 0B« noro tlw aoot yoolitaat 
oiOlt ia Itiio ipoo&ot «loo« Sisllai» offoott noio attod 
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In iatm hi«ao«ft«g of 3 ^*f o>tA adults «^«1i noalted fimi 
iSm tf«ttt»4 5th inttar tnf|)i»«rf ( ^ !tr 9M)* fli» tftttiola* 
gioal. faptOMi v»r« tlw simt In tlw fwaenoftts of tootli 
?*6« l>i.ff©r@titlal haftoinofte onants C-^ )^ of t*j© hsppewi and 
niuits of i j . nlfnrergnaiRlai ®ffs»ot«a idttit fr io i aosnt 
9^nmm& that FEs vox* liighly anaaged onX:r ^9 tlit stxorigett 
dlo«$« Hmisvart t»i» i>ifG of ^hn yms wspvwjmritly h i i^r than 
timt of tDa raipaetiva <»)it2Qlii of siatilner 3go« IM» wa« 
ibm to v©ry low populmtloa of othsr typos of oalXs* 
r.l-ailer pattern of DHG VS« foaaa in afftott^ etdtelta* 
0eneapall,:r GEs were t!i8 aoat affeetta mUM iitiaress OEt 
^ifo tUs !2iOst yoaiatant oaXla* 
hft On injaoting aiffaxent diosoa of vlaiciataroni A (a t^ ligrte* 
aodyoofia} to 5th instay l«rv«:$« of g» MMOB C^ ^ hr ol4l)| 
tha liaoiMNiytaa vnw^ fwarA in elaaiafad oondiition in tlw 
affaotad 6tli Instar lartaa* TYs (Saaaia waa inltiataA ^ 
0*5 tif Aoaa in tlw f»f« of eytoplAanio iraoooloa ^ tisa Pllai 
fajptwrlng of aall maibrana anfl Taoooiitation in PLot oyte* 
l^laiHia iMlffiaga in K>a| imptnilnit of oall MiriMpana aaA 
mtoiaar ntnferana as nail as eytoplaasie vaoaoHsatSoo of 
QHst raptitrii^ of oaU. Movant aaft axtvosion of fat 
( lo^las in A08 anA oaapXata daattaatlon of SPs* ttwso 
flhangas pfogfOMSi Iterthar bf folatiipaly stroofsr dosas 
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doM* Tim (MB ahowwl WOTlmiM f«slft&aeei to ovto ttioafoot 
)»8« UiadXmp uttmxmM ymm tveofdod in tho luMOoi^ toi of tHo 
pfopopae aeRiXtofl ffoa Inloeto^ 6tii Ifuitir tmrwm* HonovcPf 
P0« booi»i iiHiiitii^ ruio i^iBiiilo oYoii iqr t ^ %r©at«ot doso* 
nP$ mS. iXw imm i^mpt»^%f ai^ soni* In thim Mtum ^»» 
DEs weft t ^ woit x«alat«)»t mil* tDjr titit todyooao us 
mUtt audi t ^ l r 'ili?*tly aaita^d itatt aliaiwii 'iisohafii of 
iwalol aad oytoplawi* In t*» ©ffeelod papm^ al l tlit 
lf9» I'lG of aff@Qte4 6th Inttay 1/irra.o MUM not «^ ®iisod toy 
0«5 uf aioto itftlds^fosio A iRit i t lo^oo^i to %%m third of 
tlio ooatiol %f ttxongstt dloso* aiidlii«l3r« fHC of tho 
pf«1Rip«i wftt «lfe ro^o04 l3f sti<oim r^ <IOSOB ittioxofio tuot 
9€ tt» ofHifttod piijpao h!f itfOiisiit doM re^ooil to ono 
tiil»4 of tlio f0909tiifO ooatx«l« 
^» fi» pofooalogo of ADS I cfo Msft iSFo of 6%li Intter lofvoo 
of footed iritli 0*5 ttg dooo voo MVO «!»roftf tK»t iio«o 
omilootod Iqr 2*0 nt dooo* PEo %rt«o goaoygllf aoro 
vtiiotoat tluui Vlo teit OBi oeiild lio idootifiod ovoii tdTtor 
tD» t9»plSftotl(Mi •f t^pofigtot dooo of IMt oodTooat* 
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51* In affvattd niifiiiiiit n^d impMt ^^ i»«tt«fii of tmc vftt 
•!•»«% sSailftr tB thftt of 4tii lavtar l«rfM* ^mn Iqr 
thi •tffofiflttt dew Pn9 V919 f tU l f»r»ieitt ttmnili in mtXk 
mib«r» Tin* tlit iMftmntafo of ttioM ooUc ii«t m^9mn%Xf 
!iiit»ir at oonnortMl to oontvol Xitai tfiat of surviving OJto* 
52* *'?!ion ^tli inotur tarvao of £« lilWCiJi^ ^^^stad dlffifoal 
doses of HRlciitoront A^ tlie haaoooftof of &th ifistsp 
litrfaft wi't9 ansiagot* Bo^i^irt <^ s^ ^ ^ ^ ^ dootroyod 
than 1*118 wmjesf iOJgi cr£« ana SPi VOM ditintogr^tod ewo 
bar t>i9 intsilii of tbet voalsist loao* This oooAltloo pfOi* 
yessod fu*th®3r In ^Stm frtpspaar and the pupao. 
53* HiS t/S In the m.f sctoS ^tu Instior liunraof 4j^pe4 to 
alsottt Htif of t ^ aontrol. tint«ift ^« *^» isfopaisiio andi tiio 
fii|td« i t tmoiosft oiHi tMx*d of t>io toopoottTe oontfol* THio 
tlilii eo^yaont i!««titif«d *!iOfe Haoiao«rt«i At later »t@f^ o 
of gro^ rtli and «^w»to!»fnafit »*ioiil«t i t s widWuiil offsot* 
5lt-» Correvpofidiofiiy luf ttis otvonnsot doot^ thi tm of 6th 
iootiir larfiMit propopao aodl impiMi Showod i^ ro t^sr loot of 
Pt9 tiwti Ftof oooploto doftftiotSofi of iilX otiwr oolli 
oiotiyt Oio* 
55* FotUowiog tlio lJii««tioa of iliffovoiit diooto of Mahdjtofooo A 
to tm 5tii iiuttMP iMppon (t»8 hr oM) of 1* jAMMttOOiMMB* 
PEtf FXiOf <^ ^ «tt& <^ ^ of affootod 5 lAagr oM Import 
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dUM8« t» IditM MUIS VM ^ ^*0 ttg and ^ •O ng (Soi»t« 
AXthmgHf tli« OSt of tli»M }i^9«r« «•«• Is&tt i fNettd 
tifelar ?9a<i)< patl»3jotiea11f Influvnotd tn«a thoit of 
1* ?,^^»f lurvsko* 
f6« T»^ fiaeiaoes'tta of nffaettd adults of J . sAMmm£ii$iaA 
CBotft ) 'l0ir«'lof)M fjat^loffiesl oondltioft tit ^wntioaod 
in Qt^m of ^* |i|||,f<^. lmnm«* t% i t int«ve«tiiiie; to ?ioto 
t ^ t '^ H* of bottt aff«e1»d !*awr>®yi and i ^ I t i of 
2« algfOfTOlttai ^re Urn mnUtmt to t ^ i ^odfmm m 
e^sfmnm^ ^ t^m of £ • liL^iHf lapv^st* S!iig 3iis were 
aatia!^ 9inin by ^ » iietitesit doio nfiftrsiis FX»« oould not 
x«8i9t against ^^ O tig a!^ lilg'Br aoaos* PM neie o(^^»n^ 
tivolr 3.91^ daaagod than tl*t» 
57* Tlw tiMinioyttt of ttift f^iaio 1»ipp99w of 5tl& iattsr affootod 
ifitH thio pliartotedf ooiio f3«d gir^&ter lots« nwmmrt tho 
M40 tioppomi hod oMi^ wotiiPOljr IOM daaogod atoto* flmt, 
Iqr «l» offoot of otfotigtr doMOf t ^ THC of tlio foaalo 
Hopyort iffti fodttood to ooo third of tint oontfol tnitfoftt 
ttiot of tho aa&o Hopporo of tho OOM i«« dfoppod to HiOLf• 
58* X»ilMwiM, tho THC of t ^ odttlt fosaUo affoettd t/f 6«0 ug 
doio tf«« ivdootd to 27^ of tlM ooatvol nhoroao tli«t of tHi 
waSIm ftdalto fodooid to 32^ of tlit ooattol Ibgr tiio uam dooo* 
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59. Tht 0HC of aff9ete4 !ftli lfMt«F fiopiMirf (!r diy oltf) faille 
<»sC«d that 0H« mrm thMr !i»*t f«««itliw aiiit vmf 49»tmT§A 
ismaph»^%9 «V9Q l»3r t!i» v^iOiitt doM« fl» i^ l«9 wif* !»•• 
frafsiU and iwiittwd t!iB afftot of 1 vO ug dose. FR« IMM 
qaltft fsftlst&fit aiHl oxisttd in tiw h(»|>p«ri audi aidbiXti 
affeetttS vith «v«n stxottfttst .io««« Althoagh^ OSe vtrt 
«lao ana t«di t^mXr i»@rotQt$ii# in tiO%>i affsolod hetpidrs 
and adults gr& t^tlljT tmimmmd, and boeom aai^ r f^34 
t'iit!i t^sp^t to tli& stfonipst Closo Bs OM a^irod to foi^^o* 
tXm earttiol* I t ira» da© to tfm aoaple^ iiainteisrfitlott 
ssid 'tig^latlon of othns? t^es of ^aoaoqytes atid |5r@a®neo 
of ewn a few of OSg# 
284 
i n ^ i d t t t i i t t !}«pax>^Mittt of Zoology t A i i g ^ t i HBidLlii 
faiviFSifeyi l l l g i a ^ , India* 
I fe i l f i^» sua Sat«*t ^* Ct973)« tt l t iraitf t iettsw a f t ^ Isrraa. hists»» 
C vi» !5f A*!"*, '^twtsl '*^ l>« t^-^^lf^* CJwbrl4r« ^.-niwwlty 
Altai, 1M ^tid Sato, '• C l9^)» ^Xtr-dtjTOQtujrB tif ' i ^ i i a ^ i ^ s of 
3mtiiyri^ll4«i) • J j c * £» iOEiI* i H l * liia2i« i ^ * 22^233* 
Alofil, ^* aQ^ S£ito, @* (1979)* SvirfsAiw and i ^ tom i i i i iXirastnto-
t a i * o f litaooy%•• of t ^ io Ittsoeis i f t **2iis@et iiosDOf totf* 
CM* t ^ A«P« Ottflo) fp« 1t9*15>^« Ca^r t igo i T a i f o r t i ^ 
F fo io , Ifoaioftf Xov t o r i aiii HoIiiQ^triw C197$K 
AlMOMifi, ! • (19$3)« 011401'fotiooi on t !» Hatiio^toe i ^ v i i ^ Hw 
•otoaon^l iMii o f StIlitolliBrrii fyythga«»«h«lft« j^* JOiil* 
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AniQl<S» J*w» (195!2b}* Bff»e%t of etrtain ftad.gsiiti on hMoooytta 
©f tt» wmAltmmmm flmt «ot»i, iB&itUa MkBlJUlL/^U 
Arnold9 J»w» C1966). An lnt©iwp«t®tlon of tht hasfmofti eoianlox 
la 8 stottft-flf, AeiQQgaria ag^noga riatot (^ tftooptrjfrati 
/ii*aciiai J»'^ '« Cl9i^3* A Qf^v^ottm stu^y of t ^ hmtaooytms (lalood 
e^lXn) of GOckposelJfts Cimtactai ^^ietyoptars* ^ilnttiwliUf 
^ ^ a vl@ir of t^li^ ^ ;iirioamNi 18 t&xoooatjr* liLaB* 
Arnold, 3r»w« Cl9^)» ths htaoo^rtss of l!i9oets« T>P. 20i-^« in 
n, Radctttln Cod*)* *'THo l^fifilolo^ of Insoota**, 7ol* % 
2fid ed* Aoadoaio l^iom, Wotr Tovk* 
Artioid, J«^« (198s)* Ztftrml Ho^ooytot In Nbatttldat'* (Xnooetftt 
i4 (3A) i f73-l88» 
Arnold, J'.w* ftnd HlnkSf C*F« (t976)» Huoaopoloolt In LopMoptors. 
X* Ite ntsltipllootloa of etreiilatlog hataoeylos* iSaa* ! • 
286 
ertvf of tl» RlwH oookronoH* lU&fi&IA IfiffffinlWaf vi«i 
iiisiooiit«ii<8^ t i f ^ « gsa* ialflssftl* 5KSL* If3i-*H5« 
tl«n af hmaoasj-'ltitlfAi!!* 1« liir«^ayt«s of th@ cos^ x*oaflli 
3©w^l8gltm« an nmg dt Slinffl»mlt!i> latca^aiOBatft say. 
MX* m£k* ?y« Beig., Ptirl8 ^ 37-60, 27 Vij^n^iOoUU 
^shiiiBP«t, D. • <1979)« nigt0«»!ttTt«!a att*iodt far hMSKKurtts In 
**Zii8eet iMaooyttif (Ba* by A,l», Qtipta), v^* 582-5i7« 
Caelyridgg VtAjmnttf l*f*«s, toaSoii, Htv Torli and ite l^wurMr 
<t979). 
Aettfmrtt, &«E» Cl98s)* Blttoetwadoal pfOii«rti«t of ttw ipliofulo-
oy^f '^ *' f!nT^**** i^ii<>.i»it^ r.^  (JLopldoptorat PyralMao)* 
^1^^^ i * IanA& SSoaiMil* »IA labsxal* XlC$/6>i 29$^92* 
287 
A«liliu9tt« 9*E* audi RiottafAsi A«Q« Cl9^)« Som Mtt9«lii«l»«l. 
oliMrTatiQiit oil th« blood oolls of tiio va i^^ wi^ y 'i^i^'*irli 
BiOMirst F«H. (I9^t)* GljroogQn la l!gadiiita ntUmJAf with i^ooia 
rvforenofif to tlio lit^ ,«atl^ t3» of I^aoos@« |3L« MSAA* MM* 
B& a^atir» J» and fst^nlc, J«P,M. CWt)» aiial^«» in tlio total 
HwBaooyto oentiits of ttict btif^  IMii 4tolel» ^m»v oortsln 
3|}«oifio t»i?iditi^ii«* gm Xnii* SlKiifOl* iZC^)t 3^9»3^* 
tilt HmmtsfUn of n^ iaafat^ i msiUsm <^tai) • M H * 
B@a»l8toii» J. and Hoflp^stin, %* (1976). Ultrmstnaatuxv and 
oyto^ioiiittfy of tiMmeoytoft of Aottwyooa pornyi auor* 
(Lopidopttpot Attftoldao) dtirliig %im fifth l«rv«l ttago* 
Z* PfOlMMMoytoot plftwatooytos and graiialo«ytog» £* 
g^ «^ii«fcw*i*^  Jim* jjlH 11^3.56• 
Bo«il« f^m« J* and Koflpojtsliit M« (1977K tritrsttfnetafo and 
ojrtooiiovittfy of i^m tuiMnoytoi of 4«ttyiwMift ng^Bxi door* 
CSiopidODtofat Attaoidoi) (Sataitdidao). X2« Sphoyolo 
OoUt and oonofijrtoSdii* l U * M l ' t Iif1>> 1>*1<t* 
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B«1iwrft« B*K*| 0«fllit A»^ « C#7S)* MmmwU9 of ^ « «oaBOfi laaiM 
in MlaUoa to «ht a«tioii of six latooUoldoi* g» of 
^t^^^TAgti.«t ^«itft»<^ 3f:7H t99^^S (3n« H Hof«« f fig*}* 
Botmra* B.lt* mA 71J^liil»lrdt «^ (1979) • On tlw l}a«WMsyt«t of 
^^mntffiit '% foil* ^||g« JA 2ill^« Cl^ axls) QSMB&* 3MIA* 
(1) It 5VT5* 
eerint ctf t^iyJUias tts*^« of Hft e^©lo of ,J7fibi««N»M^  
eln»;alf^ .feti# a« iM» »?« iialtomMC^Jt !;i*-5^ (Bn, 7 w f » ) . 
0-'at, '%IU^| J l^ngh, K,R«F* Clf75>» 1^ I» nmm^Us of th» 
s ios^to litaai atl«ro{tolaa aoi tbtir owaparlton vith lajptal 
QoXIt caXtOfoS In 9 l ^ Ci^ tpt*« aaUoidao)* £i8acitfll4ftt 
ilClDt 133t*t332. 
Bolt«an» Cl«t ForfoOf '^•H* (197&}» Study of ^M hooaoogrtoo of 
llafittilBlIM Jni&UttLdaft (^ »^">ft>) C!i(Mi«« A^htdidat)* can* 
SoitofiB, C(«| l^ ofTOfit •^^ A (1977)* Btodjr of tho i»ot%«ibrfOfiio 
hatsooyto ooHplox iriT %—*>^ *w f|j^'^.|.||y|g liJBiXliCli 
(IiOP*, OooMtfidoi}* filB* IbBlflMi* lflBt(2)t 269-376* 
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BmmrBf w,8* Cl96i)« ifvrmfdX^ hofoKifitt AetiYitf of iMtor*}. MA 
Bf«fie1.1ii« M, Cl982>» Ooayiarfttivc itudy of itruetafv «nd funs* 
Hon of blooa ooUo fww two awtflB^^llft 9?»»olot» i k U 
IlAffiUlJyt* 22;l(3)> 6^7»^15» -^os on* 
SttcapmilatSon of t-aplantea forolf^n bodies by fiesioqftos 
flsauo -•.X©8« t6Qj S83-9* 
ultrastrootursl s t i ^ of tilooO oolts ffoa itlno ItsM e^t 
o?^rf« £li21ii;Usayft M£» JiSS I^^ * ^1*57 C^ n^  on)* 
Bfovn^ A*v«A» (1963)* OtwQiioal idjurioi in **IeBoot Fathologyftfi 
Advonood ffootlMP (ISA* t^ EtoifHiano, ^ • A « ) , S , p* 65* 
Aoaiiaio f rootf Hoir Tork onA Wiidoii* 
CalvoiPty SJ^m Olid Clo«%9 il«N* <197^}* IvMfoioii rafraotosntrio 
ftnolyi^o of oultofott BTitltrTffTm *^«***»** haoBMioytio* 
FfntmiimMit ]&« 29<-M»* 
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tSAti of ILBBMOaMlA Iftnatl »f ttv siagX* and wsitl|iXt 
(XlaftK, H»M« azid Hmrv« f^ v,ii» (1965)* GeUuIar laesaiijrani fax»a» 
''!T©9'»l»yt A.c« ( t ^ W . An iiitpe3?li!i«nti!3. snalysis of the iirl^liw 
ana phfwUliMfSf of t}a»twi«syt«i 1» t»s© tjlii© t ^ t t l t ^loirfly 
175*97. 
Ci<ossl«y« A^» ( 1 9 ^ ) * flM fliii»fltfHioturt and sisQltsnlis of 
bfoaleiovii of l « r f« l int«rMga6iit«X auooloi is t)Mi li3«ii» 
f ) ^ f^ ff^ -i-*^ »**** •i«*tiiyttii*l^>>ffi||- £^ l i m i t ' £l8UllOli« JlH 
Crea«lof« ^.c* ( 1 9 ^ ) * f i » oytopiigri&o&ogar of imoot blood* 
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DaitMit *^ (1895)* nmtitmrtfimB mxp Im i^ooitiw 4# l a l^splm* 
3#YaaQfistl«f "^^ (1971 )• Etadte «1.tra8ti«iiotiiyal« iea ^laoeytes 
dt2 t^ oX^ HS^ tii^  fliliOlflftt?^ !!! Mlfllffltflft C^ '*)* il« mtrittynflil* 
J>Fif, I,., ''-ronsllfit >t« C19S3)* '^ *^  cji-reatstlfig hmmftB« of 
2 Cyi 687-690 (:n| «»)• 
JJAitlJ^* &^W* 2rai* ISM*t MM&MiiOik* ^^)i %71A7^  (En). 
BfigoltMfiif F« (1971)* SaOMrint aontrol of liSMOt f^proiuetloii, 
ft iMMotblo bftoio f^ inaoet oofitf<^« MM SMflBlHl* 
iMA* Sol* lUlilKQIt ib S11»217» 
Farlctf H* <l99i)« Induotioa of haoaeiojrtie laltosis by eody«t«ffoao 
ia Iftnrao of tff^ '^ **** —i^fiw^tia f., MA i^ *t»hyi« wpiittft^  t , 
^fftTfflllTTffll rililllMI UlT^ Vttod* 199») JQ^  1V31* 
<81i» 57 fof • 5 fll»)« 
292 
ttent A mw astnod for titaiMyt* eoaata and attotid iaOlaaa 
in t^saaa jteatlami* Jm».MS^SBKilk* SM» ittiS* SSL* 3U6^« 
^raneola, J» (19^) • Sto^ oltraatrueturml a«i ^Mfi»oft«« d« 
Tf^ ftanatire T*iiiwol>i& aoaiggtieti (Xnt«<tt«f AptefyRutt). 
ai l i f35-^ . 
Gs^ltf Thm Ct97t>« i^ atry af ©JHfeAet lasaetleM© into %fm m^tal 
EfiBffi* a* sts^* Soft* lionrdt ^ * ^* 
Cloffiaatf 3« SHI OwgolWf Sh« Ct979)* 3rasa iiad ultriatwclwral 
#iE%ii;as ia aontgyiloaartaa of i»ole«afloi^tt giwi^t«ii-pi^ i^t* 
COrttvyptan^ t QfyUata^pMaa) iariag in vltfo ti^ aaljraph 
!J9-S6» 
Oraaoaoat E«H« aad ^aaliaai DvJT* {t973)* ^^afphslogy ^ai diffay» 
aatiat ooaata of htnaasrtaa of htaXtfif %ad ^ auadt ttmmt» 
•ifBa«>iafaatai *^ g»M<if wOMiSCLsSiA* i* SjttSJMk^ ZifiUll* 
?2i 60u9* 
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tfi slxty-oits viHieiv* of liMtets* £laa^* ilClt}t tt73«98« 
»lm!.nm^^ ^? ^^*^^ ^^ ftfftf^y ..Ani«ifti.«> S:fiapotiti!i, '&m\ml&i^ 
ntifita, /••?* Cl9^9)* Stu*il©s of the blood of il^lota&i (aoleopt«ra)• 
X, *r^ hmmm^M ^Mimi^MiMXm ("cptter), and & 
•TS«fi i!iter3?©latloii8M|) aM taxoaosaic si^mt^larmm^ 
tioffs of f i t if«i«ot islawaatocft® In o«rtalfi insftotfl* 
OuptAf A»P« and SutherlftiKly B«jr* (1967)« Fh&M eofiti^tt a!iA 
liittoohealeal itodiiot of «ph«ralt o«Ila ifi GookfOaOtios* 
Quptiit A*P« wai Sathtrlaod, 0«J« Cl963)« Effeott of giiblotliol 
doooi of ofeAofdooo OQ tiio htaoojr^i uid «lA«ot o^itHoltei 
<*^  ?trtig|ii8ilt suttSkttSB* iflB* xaJsoMl* JSAA* i n s * 4i(^)t 
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Hidiitet )i«B«lt* (1977)* UmaoXfmph &aA luHMswoftet of ttM fulX g«ovB 
Hftfpplftii, if« (1971}» tl^ qswi ttftiotixrtt in ^w l9iw«t grme^w 
Wall, •^''U Clt83)« lloi^lto liftTjJOcsytsfl A y«vl®w» ^tx* SOMk* 
I««si»l« 7Cf)i f«2 <sa)» 
Hasfwiat, -Am nua Khan, H»A« (197t3)» a<»l« of mifar« In t>m fecun-. 
^itf of SBBflmia iximm ^* tMtsuUmt UpUop^^^y* 
I t , T!i« felt of ttit ha9*wpol«i{ic on?an«« Sim* ! • JdEW^l* 
(Ortiiopt«m)« il^» iftad* Sfii« E^ AViJi a ^ 503*5« 
Eoipp, S»H* (195^3)* Siftolofiteho vira»teYti»8«a in ion organon 
4«r Sloiioflaiw untor dor sin ifi]>)aiiiii voa inooktlsiSoii 
(«ta#vi«rloa Sohlomroot orotof fon) • fml- iMisUbs. M^» 
Mlkam* JaA* tMMkH* Hist* Sbi^ 367<»32a, 
Hostcifit, v,it» (19^0}* Booont oootrilmtions of lii8«ot p^oiolofj 
to ifiioot toxioology aim oofttvol. lUgaxOlAt 11« 307»l9(« 
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flwAff X* (1959)* DeiFttlopwnt of tht blood pletiif* «f tlit 
CKrtelett JaSMM f^Mftffitlflili ^ t^ vp* 1<^10» In I* Ef^ 
(•d«) Ontogftfijp of Xtw^ett* Aoadoido i^rtttf 9«w York. 
INiitor 7oii»«f F« (195^)* InstBietiofit f^r !l»«vt«if And Itfoadini 
London* 
eo^ntfi in snsoei^tibl® m& TOfflstant fiootuM larvao 
ii^ &otBA wltn tslastosports of jflaarnBB irtAltyi* f t 
lam* aotaGa* saa* ii.C3)« 2^*»29&* En, ©»• 
Isla-ri| A«f . ^ t U9 (I93a)» Jiarmil ffigrtto of Hm a^ytn iHSpola* 
<art!i^tsra) # Sia$claito-l§C5>« 567«5^9» ^«t on* 
L?4.*FooSEt .T* <1970)* Ha«a»eyt«t in ^m ropair ^f voando in an 
^Ofioit Jr,c* Ctf57)» 0®f oaf ttii howoeytt iiiotnrt of thtt f»toi« 
^ono0, I^ .C* Cl959)« A pliiwo oonti^it study of thft blood ooUo 
io f«pd»i|f^ Xarvao (ofdor Lopidoptoro)« £*£• JUttttft* 
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o^n«« jr«c« <1962)» Curfttut ooQe«i»t« mtm^tiAsm itiMot he»o-
^ofwtt J»C* (t96li^ )» THt oireolatofy systsa of Inseetflf tvp* 
1J07, In Hm Hookateiii (•<!•)• •*T!ii Ftiyalolo^ ©f In»eet#, 
lout St J-O* IIINlf). Thi hemortits of ahndtt^ iia laraUigB Stal 
:3iQ .^ HBU* (woodi Ro3«) jsatt al^.9^« 
d'onesf «T*C* <t96?)» Chattgoi in t ^ fieaooyts pietuze of fiaUfiXla. 
Xn A«!^ '« G9XHI08 (ea«) **EaguXatloA of H@^atopoie8l8t 
foX* If /4|ipXeton« lav XofK* 
Joiasst 0'*C!* Ct977)» 7te eXreuXatory 8:r8tea of Xiiioets* ThoaaSf 
sprinisffioXdi XXXlnoit* 
Jonoif d**!* ami Llta, B»P« (1963)« A qenantitiitlv* ttiuly of 
a i t o t i O dlTisiOfUl o f iMMWWOyteB o f OaHagJa WMillftrta l^^ ff 
XarvM* il« Iw<oot» PtiraioX* 1^ 1055^1* 
Joti»8« J«C« AflA l^ tef !>•?• (1969)* Tht offvetf of XlKatarins 
Q|P»yi* •olloailX^ X«rvao a totaX baoooeTto ootmta aai 
oa fldtotie iadlooa amoi haaaoeytaa* g* laiftai JElBllAil* 
m 1703»8, 
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SvOff K^^0 and ffarkf, S»F* (1971)* Bff««tfl of maf9t»vom in 
ifitM oa htoAiiit audi fiaenooytet of J^o'^^t JiaclA.(I^l* 
dopterft)* jljui* Sam* IttSftfSI* 121 3'^ 1-59« 
ICaAyat 0*P« aoA Otlaooy !«•!!• (1981), Rataoejrtoa of G2oaaio»»1« 
HofphoXofioal oiagfllfieatlon BXA iM pattern of ohaago 
vittx ago of fUoa, lAUfilJai« MSil* a(3)» t75«>lSO« 
iimXaidst J^^Uf Tiospaoiti i-l«^ « i:u3a aoDl^laa, 1«t«B« (1971)* ^ ^ 
Qffeots of oeclysonoa ana aQalogaoa oft o-varlan dtovelaii* 
mn% ims. repm-^inQtSon in ttm fummftff ssuuiA ilflifiiitliti 
l?tn?it '!»A«, ilfeaa, n*^ ITl^i, n«P« eM A^ad, A# €l9BM*)» i^ taaX 
tee^til^al, 2«i>'ix»t oa **l^ l& of ©c^yiKJies a^ d t ^ l r a-irJ.owQs 
lu «ontrE>13Lli»? eertsiii r»?n?le!tltnmX ittseet T>«st^» A 
rojien*©!^  tsrojeot of XaSlats flotmell of Attrictittiiyal 
Beataroh Clf79*198U'). 
KltanOf 7^. (1969) • On tH© total tieaooy^ ooiiats of tho larta 
of t*i« eomon oabtoago b^tt^rfly, F l igU jmSM flraaJTOia 
BoladiiaX (I«pldopterat Fleridao) vltti rofaronott to 
parasitlaatloR of |»ft^^i*« jlOMUBfilua ^* (Hytaonopterat 
BraooBidoo)* ton^ 37i 320*6 • 
Saofistoira, Ha* (f97^>* Fofsad oloaaota l o tbe tummolpmii ^tifiag 
poatMlbyjfoiilo doiMlLopMint <tf ttia ooolooafdi ''T*!?**^^ 
oinatm* rinil'^ tir1****r^ 1 7f>«i«nMi^  i2C2)> 206^13 C^i •Af 
ih Eof, 2 fig»)« 
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WalmTf r»Amf Spftuidins, H*H. and noblateiit H*w» (1969)* 
"Approvwi ta^f^tf tQohalff • |»p* 59*71* Soiftotifie 
Book ^goooyt Caloiitt** 
Lfti«Fool^  <7« (19^) . tin fin* itviifitiiro of votiad r^air la an 
in»0o« aiioaBibii msMmt* £• £teUBi»l* JUIH 37-79* 
Lal/oFooHf ^* Cl973)« l^)« stBioture of the haffiaoeytdi of 
aaStafldtta filllOilUI CH«8peyitda«t I*8pldopt©ra) • £ • 
J^cnailial* iJfit 7 9 » i ^ 
ItBdWf P*H» !«9i Paaoldw, J"»0» Cl9?')6)» Tatlatlone In total. 
tfiopt^r, ?ri»iOTtXnala il l* 1* SMsrtelar* Eattiol* ^< 17*^9* 
Tsowna^ntsg a» !i8*3o«ytis -io liXattoi t^nract^-rlntlquet 
liljyslolofTlqoes et yltj^stntot'iraloa. ! • IiUMllli EJauUoI* 
2i ( t ) i 137-51* 
Lo Blaoe, tutu C1971)« Studios oft ionoral aofptiologf ultras two* 
tovo anil Ff^  ,^ ioXo^ of haonooytos of 4¥*^ '*^ "*' ?'**^ "^*f 
Stal* rh«D* I'hBois ^^ 00011*8 Ualvorsity, Hagstotit Canada* 
LoofiordOt A^»C«t l>a Crat Itaadia, C« (1978}« Stti^ of tho blyood 
MUIO io fiflmmlyui gnfin^* (Fabrl^uo) (Hyiaonoiptorot 
FomioiAoo)* IMl* iBlMnSb* 2ft(1*^^* 239-251 § (l^ t* orifpt*) 
Holl, S«S« (1978)* Fvoo haWBOOftoo of ffHti^ wa «<irti4« Vall»r 
laffva (Iiopidoptorot Laolooanpidat)* HationaX Aoadoflgr of 
Soioooo* India* hB AiHiaal Sossioa* 
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il&piM ffTsiXMm) ?t»A« @ei@fiee India hB kwrnrnt 8«t«loa 
Pag® 30» 
^laliy S»B, mtidl Oopta, ll»S» (1978) • Tlw f f t * hiMii»€]rt»i df nw—n 
Stiflk but A E M : & iTBgidtila L, (%t@ii)pttFmtP«fitatoaia{it)» 
pii» 213.^31 • 0'ii^ n lS3sf am! S©t®f Ssir Xwk* 
1217-2%. 
tli9 hwmm^^ tiQtt»« of t>^ sit f i i t Imtttrfl:^ llMdLibl 
^f^'^g (!,•) (Iiopidoptermt FaDiliooiias) • j£« JlMilA 
i a t . f^at> SoQ. 2I<S)> 283»2d6 ( I n . ) . 
%Ti«rirt!i^ M* (1973}« Tlio ttfaotuvo of tht !iatiw<i^f»i of ^T'^ f^T*ff 
Ifmirirtlii Hm (197^) • dmuniXay haono^tog, ttii wKin fliagoeytit 
1»3jood 0013.8 * * fnffliHtffftl f*% *^-"ft (liopidaptoratioii^oriiaao)* 
Sim* 1« jAal« JSti(6)t 7 8 V 7 ^ * 
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•tftg«t of JBsa^ UIWBi i i l a s i (^etuldtttt LtpldoiptRrm) la 
f«}.AtlAfi t9 «i»i>llefttiofi of S«tft»«odytom* M»Piiil« 
disMrtatioiit ttilwiltttd la o«pt« of Zaolagy, AligaHi 
Huilla !7i3lversltarf Allgani, Zattla* 
Hlttonci, I« (I960)* stttdlas on %fm blood o«llt In Vim afi.ll&iE»ra| 
Pattont I«L» (1^3)* f!» letosdcatloii funotlon of Inaoet hatae* 
c t^oir* iaa* S8&<-« Sllft* ia&l'» Balttltaore Sfci 696»698* 
Pottoifif .'•X4« ai^ ^llnt, aa» ClW)* fl«i wfflal^n In tiw blood 
e©ll omifSt tif F t r la l^nBte iF^yJeai^j?, iL#) :l"jylnf smolt . 
aoa* iM{»tl* 2a&* JOBS* SI* ^^ ^^ .* 
^atfiatf .T»f«!l» (l^^l). Effect of Qn^ <jei?l?» i^ ls'ias oit tlii aitflxad 
lotail HasBoeyte ooofitt of t»» bug aalxi flfiOtitlit ! • of 
Ponrsttt A»a.E« (t9^0}» "Hlttostwcdstrjff thooretloaX leid ftppllod*** 
Sooood edition* J^« & A* Clmrolilll Ltd«t 10^ Qlonoottsf 
Pl«oe« v«X* 
FoiTTt A*8* (196>»)« tte plvololofjr of ImoetlQldot foolstaaoo 
Iqr latoota In **Tt» Flvtlologjr of Znototflf (Ed. hf 
H« HoelMtola) III* pp* 29i$^y^, Aoadoalo Pfoitf How Xork 
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PUftif n» (1935)* 7l» •tt9mt of latottliiftl polMaiiii oa tlM 
liljood of looaoti himp% jAiaJftlift* fiaUL* MttlU S^* 
2i» 28>292« 
PoiotoRi H* ftiid Posioii« P« (1939)* Ooatri^tloa a lUfeudo <Si 
(t« liaXftaiiglji niitfbCTftntt»Bai %iiot« isaii* jaaaX* £sBic* 
SX9 £Bta* Jil* ^3»3^* 
Hftina, A«K» ana Solly E.A. (197^)* Haoiaooytes of tie <t^ ifilc Ibctll-
«oira EgQllncmlwai MllxalSllat ^«rlnf lartal aeimlopiaont 
E!*l tlianatiio. 1 . iDift&i. £!auiiQl« SflClDi 217t-80, 
laOf ^•0.0'»| Hirjrt A» ana H®9aT8Bi»t*iy, F»S. C198U). Sffeot of 
llgatiOR sua soiysotit on total haottocyte eoaat la tht 
to^saseo oatefpillajp} SEOiagPtgra Xlteia d^ttildaot 
l.opi«^tera). Sim* £»atSmks,M^U IW6I.IW63 CEO, fr , 
cfo vor<i#« 
HofraHii S*E* aixt Zixmmkf H«L» (191^)» Hiitooytti of tiio $th laatar 
Eitropoaa oora tmvTf Q^ H^^ HJIM piiKti>^4« Hubaor (AHotraet)* 
ytaagitllitujif tlM Iwrtltfi Awiirttiy nf SftltiiiMi&P 2M^  Coa)« 
Hoady, G* &od Haiatt« M*B« (19^7)« Tht loflaoaoo of alto of 
•inOiofttloa oa Iho toiloit^r of laaootloldlof ia rod oottoa 
^ t f 12lt(ll£flBi iUJKBlAlBft ^« JjOtHiOJL* fill* 22* 325^328* 
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Bitkif ll*T*H. {1953)* ttm I«rv®l biMd ecUi of BouMDllilft 
Hls^y M.T»H» (196?»)« Exporiasntiil finalytlt of ttotweyto aorfj!»» 
1?J53-1?>26 CHn, so f « f . 10 f i g . i . 
oil d@wlj^ ;riaoiit a;^ z^roduotiOB of Imiects* §^^tu^ Jjljyi 
11^1160. 
and SofmVf c^O* (1970)* Botlysooot and syotlietie analoguom 
voulttng ^rmm9 aotivi^ n^ iimibitlvo offeets on Ifitoot 
gvovlhy netasMfphosit ftnd vopfoatiotloii* .SMzsMl* J§fi 
H^y ?• ana Biidoliit s* (1973}« On tl» stniotim of hwmoft/aw of 
oooliroMlit g^ytolaiiata «—*<*«f» L« (Blattf Blattldat)* 
IALUB 1 « SBIOIBII* 3S(3)< 166*168. 
HogTf !*• anft Bagaihif &• (1975)* Bff«ett of oortftln ineoQtiel4o8 
on tht haoaoojrtoi of o»olero«oht £• —"*^ flfffft l«* (ilAttldtOt 
i>lo^r«»toro)«aalaMi •xA mMxk W9U ii22.H2a* (sn, S 
rof* 2t figi*)* 
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Sftto, S* WBA Akaif H« (I977)* PvwlApiMifit o f t lw \mm9p9imUm 
9aj»Qaf A»K« «ni Aiftriraii, Q*l>» (1979)• Fr«« >ia«eiooft«t o f 
|^ipyiyiia iMyg^ij^^i jyeSffilAiSUft Pottrot an Ifohnootyoa 
isAnophf^ft (Sons* Lat* Fhthiraptura) i i i f«9t i i ig poultvy 
neh&rveVf B* Ct9^)» Sytopl^sloXoglmil f«afuv«fi o f hesaoojrtii 
i n c^eicromaiQS* ^ * ggliffflimflit* J2S* 301«19» 
' le lwi i iT*?« (197^)* 'Taooatologief^ est laat lot i o f tho iihyaioXo* 
«^ioia s t a ^ o f t lw msBAm mth (£yggaatft fiUctictf^lla) at 
t^liapii^iy '!• Ct9^)« l^atholo^e #iafif?oa i n tlio tiloodt o f t tw 
p«n te r %mx nothf c^^l<^»ifi. p i i i tMiai iy (L») , during tl io 
oonrot of starvatSofi anA mioXeopolyhedltoiia* P!i*D» Tfissio, 
trnlTitrsi l^ o f OaMforoiat Borlotlayi Galifoiraift* 
ShaplfOf H«, ftto^ a«D« aoA Ignof fo, C»ll« (1969)* SaaooytO 
•liMilOi I n X«rvao of t*w i io l lvomt t^i^i**>i*« JBH^ iofootoA 
wi t l i a aooloopolyhodfoola viroa* £• IfiXiidWiis* la t t t t i l * 
j2|i 28»30« 
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SUsfnttt ^•^^ *^ DttttRf BmKm <t979)* Studies on tf» hmtm9ri»9 
<tf gtw»tyg i^ii^ « MBUSUBiMOSUk fTftfftlffT^ TI^ i Bl34!i« ant 
IftliiMiaS (i/2)t 1 ^ (SQI 32 H«f, 18 fig*)* 
Shalli v,i ,y Ea«7» H»IC« aM tiiehanSaoat C«H« (1932)* Boa* efftott 
of eertaiii toxlo gaMs on ^le blood Of tf»i ooolcvoftohi 
Efli^ teXaiMte airlitfllia.tt cx<*)* ii* sooo* &ataaal« 2 ^ I07cw2« 
siciai'-plp X* (197B)* Soilt otiforvatSona on tiio fi^ s^ioojrtos of 
IriffiteMigiirs tftyjflflrnia ^<^r» (oridoaot 'idisipttri^) am 
mils^tt^ tn the Dept* of 7.oolo*?yf A*'*?.^ ., Allefarfi, Ifi31a» 
ll/fdifpif •'!•!• Cl^ T**)* Freo hcet900]rt@a of en ft^atlo tau*? JBBB 
Slimtit ^'f ItjsBoH, CJ.B, and ' f«d«rlol»wn« s . (199^)• Tiio dlotary 
of foots of wmm oodyotefoidf on ttm do-voXopatnt of hoooofly* 
Sfdie« r.« vA oXoor* H« (1979)* Sphorult oollt lalUaMttUJU 
«po«^8» &BUUBiiillA* iS(9)i 12l»6.f2li9 (Sa«)« 
SriiraotaYaf S«Q, and Hi^iaida« A«0« (196^)* flio diffoivaUatioa 
vt blood eello la Ite vox iaoth| a^it^*** liiUttBiiXlJI* 
JIMC* 2aflX« In 3t^13* 
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8riTatt«va« S*C« audi fiitliartfs, A^» (1965)* An mtor^Ai^vtphiM 
ttaSif of tut vtXatloti betif««ii htm^ti t and ooinwotl'Vt 
Usmm i s tus VKK fl»i^ ^ ^^ f^tt^  ail2aai£yi «^ MA* 
B%Bph9n9f J«H» Ct9&3)* iSfy^et of metliro iauiiiiisfttlon on totiOt 
hatwioyto omnU of Isrrso of aaiftrti anltollftXla C^ *>» 
Hlo*inrt il» Sotiaiptl ( W B ) . !?traetarnl eh-»raeleidsatiion 
of ffio ^w^efUn of £MlJi ir>laTin\inffit5iilte V^^^U 1A. HC 
fa1c«!p.f ''t. afia Kitano, H« Cl97t)» SttMies oo the larvsi hasdo* 
Oft8s Of Alexia xmm aninitafa Joi»duai, vitti spaoioi 
mf^mntm to fia i^aoi^ tt olassifloationt ptiagooytio rntii^ 
-vity end ©loapsalatloA oiliaoltgr (i«8S>« Fi®rl4a«}* iton^o» 
Tiumoira« A«Z* fuod iloii|iilov« £>•/• (1931)* SffiMsta of pelaofW on 
QOfBtl di^egtloa Md tlw blood of QtUJMiMSA f^-j^^f'^f ^ * 
TmboTf 0«B» MiA Toagort 1^« (193l^ )« On tfio total blood (hooo* 
If^^M ooU. ooosti of thB flaid orlolwtf Q»fii«* jutt l l l l l i 
jjgawdllBUiA Buys* Iowa Stato Coll* X* £&!• Jtl t3»^ H* 
fanbart 0«B« miS Toagort l^F* Cl939>« Oa tho total tiaoolyqpli 
Cblood) oMoti of iaotote* 1« Ortb^torot Odoaata« Baoi^ 
torn and froMptora* im» lalanl* MA* iauc* 2fii 229»vo» 
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tmtb^tf 0«S* audi X«ag«rf J'«F« (1936)* On ^ t total hmmllymflk 
(blood) oaU. ooiiots of inaaota II* ^aufoptaray CoIeo|itara« 
Xiipiai^ ta«m and ^ f^aafioptara^  J^* mnt^imA» j^ g^ a ftmrr-
2 ^ 112«t8* 
Teaaaaif J«A» m (t936)« In "rristoc'^jidatiy, Tvieoretleal aad 
Jk^ pHstf** CM* by Pe*iraa)« II • vp* 137* ^ * A# Chartihlll 
lit^#i I0l». Olotioasfeir Placa, w«I» (i960). 
Toatali z* ii^W* k mntriimtixin to ttit daaaSfleatlofi of 
Ifiaaet haataosytts* SJalflSlat Ski 393-WOf• 
'Srostalf /^ « C1970)» ContrilJtitloo to t?^ class if ioatloa of 
hmmisyt&n of Trao^ata. *Ji,s^ U»giSt 2SL 311. 
raf^ Of ! • ana Io!ilteJmt T* Cl979)» Hataecytle »®setiofia to foreigit 
oalls in t ^ aillofOBay MsiWt SSain dtarlug postaaabxyooie 
aoYoiiopmeiit* iiBoiL* iii£b3Gaai» SaeSk* i k d ^ * 3^V3 (BQI an)* 
Vallart W«F* and Tboiipaony HtJ** (1973)* ^ t ^^bladaoxyee^dyaonai 
PatliologloaX affaeta on tba laexioan bean battle and aynaiw 
glais vltli Juiwnila bortaone ooaponala. £• Jinaa* SOlQifld* 
§^ 6t»«67« 
WabXeyy D»P* (1951)* Blood oaXl oonota in t»io AiaeHoan nigratoiy 
lofluat^ lAflMli irtffratnrlB aUratttrtOldta Haiab and 
Pairitaiva* JSMS* £• JJIll* Jfifi* iASASB 2§^ A)t 35»37* 
•^!rnar» H»A» and Jonatf ^•c* (1969)* Phagooytie haaaooytaa in 
uaM7» 
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«1iMl«r« !I«B» (1963} • BtudiMM on the total hMsooyto eounts 
mA htamlyw^H volvm in pffigtoXamtfl fumflftftlli C^ *) 
vlth iipflcdaX roferenoe to tl« last taotiXtiai eyole* £• 
latest* EHouiial* It ''23^35» 
'?hltt»«, .T«!t, (1%tf)» Haesaotgrtes and t^e netaoorp^wslng tlssms 
in Sarocmliaug l3i]lla;&at BffoaoB i^lli alanQgaateix and otiier 
?^lffg1a8%«>rt*t» V.1U (1933)» 1J!» p!:^8lology of t*K3 outlolo aai of 
©Cdysls ifi Jliaapltta a„ra>3ilama (Iriatomiaaa, Heialptora)! 
wlt>t spQcisl iPsfGreac© to t ^ fuzietloii of the oonooytos 
s ^ of aorr:iaI gXtmsis* JOQxSl* £i JkSL* sjq^ * 2^t 269*3l3« 
lTi«t Xosiiorthf V.B* Cl955>» TI10 »ole of haeiiiooytei in the growth 
alia ooiixting m an iiis0ot« ^iipaniua acaXJUui* 1* itwtl* 
I^lf?gl0iwoyth| V^ #B. (19^6)* Th» hnrwcgrtos and conneotlw tissoo 
foiwatlon In an Inaeet, a^aittttS irQlilMfl (Heialptera)* 
Wi<^ f*l9««orth9 7«B, (1959)* Inseot Blood oells* iju* Bsx* Salt* 
JM V16. 
Viigl«tw#Hlit V^B. (1965)* "Thi prlnoiplas of Insect PY^siology"* 
Hothoan & Co. Ltd*, 
wl;7<^ Xt««iorthy V«B« (1973}» Haoaooytea and basaaant oaabrano tw» 
tmUon in MieAoiiM^ £• laiifti flOiiAi* JSU 831-Mf* 
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viatorliif l^ifHo* F.P^w, ana Ii«viS| 5,K« (1959) • On tl» asd* of 
aotSon of ImeotioMoa* ^Imu fiiX* Iflli* Jn 303«3tB* 
Wlttlg, Cm (•1965b) • PlJai!ocytOiii by blood mtkw In Iwaltliy ani 
diBoaaod eaterpllXam* 1« Phagooytoslt of ^fto^^^ft 
JimtimUnnU BerXinar in fmndntottB anlfflinata (Haworth). 
Wiplght, a'.E», Cliadbsrlalfit *^ -«il» im^ amwetf CO. Ct971)« Ovarian 
matmration tn stable f l ies inliibitioa by 20 h^/drosyeod^* 
Teageri •T.F* <19W» ^ ^ blood picttira of t*i@ aoutliern 
ToGger, ,!•?# and :in?iiot)f n«a» (t9Wl)» 'Tisfejehsilctsi aoteotion 
Of f'Jlyoof^ a in bloodi mlXa of t^ io ^mt^iern sapaiywowi 
(Ea^ftnla ggjllaala) and in ot^cr tlasaos, esooelaUy 
nidfTat otsitiioXiitia* £« Msifi* IblUl* ^C5)t ?^ 57-9U« 
Y0aj?©r, tT«^ '# and 'tunoon, StCJ. Cl9UJ2>. Chafis^ es indluood in tlit 
blood oells of tbo soutbepn arf!ywo»a (Pgoditnia ofidoaia) 
by adninistrfttions of poisons. ! • Msla* MM» Skfi 307*22* 
Yeager, J»F»| HoGovraSt B«H»^  Hunson, S«C« ami Mayert ^•^^ (19^)* 
Bffaot of blooldi^ hoaooytss vith Ctiinoso ink ani staiaiag 
nophfooytss w i ^ ttypan bins upon ttis rtsistaooo of tlM 
«M%i*ici.»o^*« fnrffft^ ft*n% •aUTlfinnili C^*)* to sodim arsonlto 
and nlootino* iBB* fialOHBX* fioa* iMC* ^ 2>^0« 
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Ttif C«H«y Tangy H«Y«f Kla, V,K* and Kia| C»VI, (1976)* Kl«otroil 
siefosQOpie 9tiiai*f on tl» lartia Iwneieytts of muKHSMkl 
Tu, a.H,, tang, ?I«X., Kia, '-'.K* uitoi ida, O.vu Cl97?)» ^n ultra-
atmQtt3irs3. itody on l^irtat ?m:^^te3 of ,t|y|y^afityia. smMM 
7Ct)i 7**1^ C::ot Ko, 22 Hef, t7 fig3«)» 
Zaiait Z«n# ni^ iCiiafit '!•/.• (197^) • -"ipe® i^seiaocsyt^ s in tfm afitilt 
iwjd cottoa bat? ^ a t e i m a tslarali^tBa ^^ ^^ r^. VX^^OA *^ ^wf*«i-
UmAiitarsLf "^yrth^t^tSMn®) mltitsA to aetswrrs^iosls and 
J^aifllt .^#s# ana Kliaiit W.A. (1977)» Bffteet of AMrin ani Diptwix 
on ths ftaemeytts of Hod Cotton Huf, |?yidiraBg ffitriftilitel 
E«pol*ilEikh« 0«?» (1976)« llofphologloal and oyto^Moloal stodiot 
of tl» worlnr iionoybM hooaolaropfi mVLt CIBIJI if^iig«»f« 
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•i^Hfl^ SltttuaaadHI C%a«ioi^teva) (f«iit)ir«dliiidlM) 
frtitifiliirtinif :fiiC7}t SiS'^o (uay •&, m)* 
C«lXe of he<!»ly!sp!t In ^m Foyiaioa Asts* iaai« Sh» M^)i 
%d®rek, J» ana f^ laoiQi IC« (1972). fJupemawerary Ini^al Install 
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mmsBJsasm 
AD •« Adif ioYiamnayte 
OB « O«iiooytoid 
PH <» ProhMMBortt 
««ii «• ft^ivoaoplgrHo nitolt^ 
a«ra«n •• aohvonopl^liOf rafged mieXetis 
t) •» bulging 
l»«i;«lii <* bvomQ gl^ raoc^ QQ iaelution 
bi«n <- biouoliialA or bilobtA* 
0 •• a»U 
oiil» • etxrosiatifi a a t e r l s d 
em «• o « l l aectbrmi« 
agf«p «• oytop laao lo pKioos i (thrc^ud Ilisei) 
d <* daaaftd 
dls *• {ils8»ifyrK© of aytoplaitt 
« •• ««e@at7io 
ex ^ dsfulsioa of gr»iiml«« 
f •crt •• fol?!©^ ce l l '^nbrant 
fr*i * frapisats of mialta* 
g' *» flyooffiil 
^1 * rilobiOe (flit) 
f^n *• gi?ai»il« 
gti«oy •• gni»alat«a cytijtilsaja 
1 « inelugSofi 
fjBi «• 2iQ>roafloii 
Ir «# i m i t s l a r 
R •• molt^f 
m ^ iiiil«oliit 
pd «» pm^aO&po^twL 
ptQOt «* fttf^ tvipad CM31 wsxtomM jfn • f*d«ioad miolQiis 
f «» MOUffl 
T «• Ya«aolt 
ir««f« » v««aolftt«d oytoplaaa 
brotoo U M ( o^ N**) iiill««lMit ruDtiirwd oall aratoraat 
d«tttd l iaa («« •« ) iadlealttt tHa U f t ev«r impfaion of t)it 
^ a * Spinas.® iPia^ Nrfl* 





<l ^ ©• S p i r i t a^ taaea 
e* Foax* ilimMMl 






Fiiiif4i 6 ( ft ft 1») • I*flai^lo<qr«t« 
PLATE IV 
siitiftiii i l v i t loa ti l l 4tfft«)tiit 
^%$M difttSon in iVi^ttlap iia»sit^t» INT 
9f 
i^iROfft a CiMil 
Ft l^ f t <3 • #>• 
?*li!lf« 7« 
•^t^ft !!• 
's^ i^ Of® i$ ft 10J 
F i ^ i « iu 
WimT9 C12 to HI.) 
f i ^ f » W - t1?> 
Fitipfif t 8 
FigBf* 18 A 29« 
?li5!ai«t C81 • t^} 
4{|9plHMMI f | « i 9 i i l l plllSmi%»^tttt 1 ^ 
7®3ii9tai» «t^p tit i>Iaiiimliic^ti )^ 
4i»^lioi0 i r t i^ tn |ila»it9(»f t i t iKf § 
ifiapliaM «t«i» in t^^^^mm^sm$%m9^ 
4 M « taHMMMnnHMIIIHW* 
!i^tii» ^tt9dl tint ^m^9 wk^lmm 
PLATE V 
FIG- 1 0-01 mm FIG- 2-24 0-05 mm 
9}mmim «Siff»f*fi% f^TMHi of ha»mmf^9 •f llnttlHWM 
f a g t froihmmmf^ vltti iffto^lar «MI11 
0* t k • iP«ar ttiiiMril 
FitpfQ* S (ft to v) « nMa»taey«ttS 
a «* • i BoniiAt attf^iod mtMjni in • 
f • ti t n^mSA 
i «»1 t ?•«» irtiiptd 
t • B&niiiatmt* 
l^uSttWia 3 (a ^ q) i fo^mUM 
ft « f t llQdIflllf fOttftf 
« f t Slaiftft of iHltftftift f 
fis^fftft % Ca «o 1) i OftOftflffftiit 
t tz f 
n ' t fftsr i i i i9«i 
i t Xfffi^pil^ftr 
fiiitfvt 5 (ft tft &} i AdlM]iiMn»«r«ift 
ft « A I WmMA 
• ft f I OIMH 
f 'ft ii I f%m 9iiipftft 
• 
Plate V I 
Haemocytes of normal SpHosomaobliqua 
yt^^yg wti 
stanf&fig ^ttfrnimt %yV9 cif ^mwo^Utt of SteflKlflBligi 
f It 2 t 
3 I 
% t 
5 • IS * 
Ttmv^n i? t# 2fi 
f? ^ 18 
I f 1* f*0 
?>1 * 23 
f intiHie ] ^ to :^ 
35 
Fiioro* 3<^  W 39 
Fii!!nf<ot tM} to ^ 
^ iBf ioa l or touiiS 
Xrtopiitir iiiiel9iit 
Htftipt Of ^ t o e i t 












Haemocytes of normal Spodoptera l i tura 
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Bioaolitmtv 
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O f e M 
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Fftar sl)«p«d 
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Bl lot ioi tiaolfti 
t t a w f o f siHsoftlft 
Cr«sftilar hiMfi'taoxgrttii 
fiflnitf 






I»at9 ftii«plifi«i •%«§• 
Plate Vl l l 
Haemocytes of normal Hieroglyphus nig rorepletus 
«r 0*5 ttg ifttldtt«f«»M A/fm iMm%»r Umm (2% ^ dM)* 
Fiss9» U - IffttmiHiiflflii asttflMd at^UuCf 
abfrnnMl eftoplMal« irft«iolef and oyt^ljuN 
me difoHarfft* 
Ttmms t l,t2 113 *r toaBlar laaaBaelMi in^gaii* sua 
aiff&Q%tifiitl.ng txioliili fttptofvi wsA 
•^iRjtfts 15t 16 5^  17 * Qfmgytoiaay 9icti<9!9e ee^atjfle naetsii 
'^U IipuHant patl»l»fio«at »fftet« in lh« hataocytti ©f 6lHi 
Figorvt 1^ 2 a 3 « rf»*ff^*«»'V*lfff mpliifvA ot l l mmWmm* 
QfiAjr l is lapi«Mlaa in MM> e»U.s ani 
Flgitx«a 3 A 9 * TfiftmrHltlT anmlnytnt af irfngoljr f Motfo* 
fipirtta 10, 11 aaA I t • fffffijBliffff yya—^tnjt aianPiMiaraatMi of 
iiiotiill (loll inmiifiini INUI oMpljflMil^ lif<oi»tt 
•ni tbmwmH oylsoptMnio ITMHO^S* 
Fii^roo 13«1i» II 19 <• |^l*^*TT*'**ft'" 4i«tnti«mtloffi of llin 
namoi «aS btotltttti «p of tho eoU n«*v«ni» 
FlipfOi 16 ft 17 «» SktmaaMUiM oytaploinio iroonoioo vi^MMt 
Vm loot of ortflploM naA foptnioa ooU 
» * * 4 T A * 
Plate IX 
(A) Haemocytes of 6th instar larvae of S. litura following the injection 
of 0.5 uq Makisterone A/5th instar larva 
-V " ^ 
^ C y cy ^ 
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16 17 .O-.j?^"^ 13 14 15 (B) Haemocytes of 6th instar larvae of S.litura following the injection 












3 0 ,U 
tiilitef^iit w m IfMtftr Ittrra i^ m oltf)« 
t«tt tovaldnc «!» of mVL mmrBrnm 
Hifiowal i^loiplatnici v«QtioiLi«atl«ii* 
Figures f % 10 « |&i|i«i>w—fi^ i>t^ py doe^lfitt 4a»ag« of mlX 
•HA ln«iiil«F ni9l«l« 
Flgawis If «» 12 - QiniBiytfllflit diii|»P«armw« of mi<a»nr 
aioliMMl frai^iitatiAii of ohsommtin 
satSAn ami (lortopXavsle dlscsHtsor^  at places* 
B» Ii9|K»rtant patliolofioai «ffoots in tlio lioora^^tos of pT&» 
pipao of ^* lilBjei folL34Hiifig tl)e iojootloa of r!t«D ug 
Halditofooo A/ftWi inottv larvoo (2% fir olU)* 
?iiorot 1 ^ 3 «»jgSBMnMlllit oooootrie nioleif ibiioraol. 
oytoi^ lAfmo voooolotf rup^jrliii of ooiai 
ot i>ioei«« 
Fifofoo 3y ^ ^ !r • CiliMiiMiKlftft fo^toivtf mtl tamsmrKmi 
IpMMiXolMNi ORB iFtoooXotaA oytooXoffilo 9XA 
miaSlB Obipoi iploMmtooyto oliowlni oyto* 
9la«olo 4iiiirtioftt« 
Fipifo $ • ladiflEliil iivoioior T t^ooAopodi* anl raptamii mtl 
Ftiitfo ? • ^|»i^f*y iM^f^ftKi roptofotf tM foldod ooU 
iniiniiaot <»«woX ortoi>]jMMiio •aooolosf 
•nHy iflpfoioioa of ooolooo ioft# 
Fifioyo 8 • Ifl**^**—|Tf*Tfi t ooar^tB AioapfOorofiot of O0XI 
F| oiqpoooA f«t gMoloo ood fotfoood 
riiorot 9 ft f<> * taMQEttlftit AioMoofoSii of aaoloor 
• m m M f f fifttmAlios of ofirottotSa 
mm%niA WBA ti^wmmA oyliitowito irooo** 
XisotkHi* 
Plate X 
(A) Haemocytes of pre pupae of S.litura following the injection of 
0 5 j j g Makisterone A / 6 t h instar larva 
d i s 
\ 
Cm 
r cm • r C m wm 
-^T^' 
->?i^P9^ 8 " 9 10 
— dIs 
IB) Haemocytes of pre pupae of S litura following the injection of 
2 0 j j g Makisterone A / 6 t h instar larva 
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XnMHp^ Mit f ftlbol^itoaX 9ft—t9 la tut tMtWMf %•• «r 9ii»M 
l«vfm isk !ir old)* j j ^ ^Se mi^ »'• »--»•-" - <••'•« '••-•*^ 
FiiBfttt ItSfSf^ ft 5 • rfB}?pffftfflTllMHt •«««fitri« IrMfalMr 
fKt«l*i fflt& v«oaol««| vi^tafAA 0«1X •will 
Fiiumt ^t7 ft 3 • gliftMilftirfllp •st««^ •eotiitria iat«iti, 
fOftavia Mix auRs^ r^tatf abUdmaL » ! • • 
plfttttlo YiMWol«t ftiidi oytoplMHilo dUMsiliarga* 
riimrvf 9 t 19 • filhfff**? toottitrle THiaitlofi of tlit 
^wl«p»i{i% df tiirosil liiBi «7i»fpla«^ 
Pfovtttwt fi!id sytoplftgfilo ^iti^nrgt* 
flot fkisltlt irx«iiit«r sod foXdta o«U 
tiMi QoXX isMiistiir&nt* 
F i ^ r t 1^ - fitaaOlElttMt Sapfettiori of tht imeX^ar ^Tt^ran* 
mUft nmr p*0fi»X«» sfid a f«i? iri^ moXit in 
f!^ ojrto^lasa tm% Wm mil fitgbi^iiit I t 
B« IiqiMiiftftiit 9«tliiX»t^«3. offftott in tlio htmm^^t of pcq^ ot 
of JU llktauBi folXowiiy^ Hw lfliSftetl»ii of 2«Q ug HairiftMroiM 
Fignvoo 1 a 2 * rmlllllMIITlUt f«ptB««A Q»XX ««ibf«iiof «f to» 
fXoMit TiuMUMtioiiy IraXfiOK and diaoti«n«« 
Flfitfo 3 • f lmmti iyt iH •ooootrio iHi«iUo8| oftf^Xamiie vaooo* 
u i r a * A oBl ditotudrto* 
Fii^fss V ft 5 * t f%r*1^** •Ktfom ootoolrio Moioii irmgaXm 
iy%oi>XMMd« 4i««ii«rf» •« tx«iot« 
FJMntM 6 • t r t lB l i f iHliBiprliT ttXXt willliittt mtilMt mA 
MtfrnoTTMiioXisAtioii ia i^ Xaot of ^ t t * 
FS^ofOt 7 ft 8 • OOTjlTHHm •flXy liM tapMMSoii of M U 
mrmmmmp wnibmm% looo of MM of tUt 
OftOOXoMft 
Pla te XI 
( A ) . . Haemocytes of pupae of S. l i tura following the injection of 
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IB) Haemocytes of pupae of S . l i tu ra following the injection of 
2.0>jg Makisterone A / 6 t h instar larva 
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30JU 8 
limtftr Ii99p»r)* 
al«^«n;«| f»w VMiaoldt its tfit {»el*i« 
B* lia|i«i?t«it pa^^liiit^isl* •fft9t« la t ^ li«emi^t«s ^ 5 
FigtiiNi9 t» ^  5 * yii|ii||lffiTrlitTT »iptev«<l otU a»flfta>Mi« «ai 
Plate X r 
(A) Haemocytes of 5 day old 5th instar hoppers of H-nigroreptetus 
following the injection of 0.5 >jg/hopper 
di t 
/J^Jn^ /ojo^ey P 
0\ lOS OOOa' i 
-ii'^Chr 
o /• : -A gn 





(B) Haemocytes of 5 day old 5 th instar hoppers of H.nigrorepletus 
following the injection of 2. O;jg/hopper 
® Cm 
3 0 XJ 
fVOB 
iracRtdXlsatifta In <^t«pIaM sol nsalMW* 
ftm^^ 3 11»« EliiwniilrafBrmi »3»tiif«ii M U imm»am$ 
any oM £ • flijWHtttltai a^Xta C««|« ana fiisaltt) 
«Mffit ijPm fth iTi8t«r )iQ»9m (i^ hr old) li3i|eet*« 
tt««liv«w| tkmrnuX TOtnoUiattofi in tlit 
IU«l«lt»« 
?ifi:ttf«a t»> « ^ • llaaOiBlfMAt iwoUott waauil with aniwfnal 
ir«fitoUt| otO/ imw^mAtm mt %t» Mil. 
Pla te XIII 
(A) Haemocytes of 3day old adults of H nigrorepletus 
following the injection of 0 5 >jg /hopper 
^^a° " 
-ACA^^^Cm 
{ B) Haemocytes of 3day old adults of H nigrorepletus 
following the injection of 2 0;ug /hopper 
dis 
N°_C^^ 
Q- — im 
5 
30 /J 
Fli»t«idL«f»«ra|>)» of diffitfviit typtf of rmmm9f^9 in 
t t (roaprhlf rouaa) and mItiMN* 
Flpt* ?• t Plasaatoeytes Crouiii atiA ova$i i>oaoof1Mif ({•maglildr ovoid) and adipohMaoojrtes Ifoandi 
audi cTTOidK 
Fif^ » 3« t Pfoha^aoQ^tt CroaDil)t plaaoatOf^tQS Cyotrni 
and fusljDeirm) f podoo^tsoo CiougluLj^  xotxni and 
oToidi 
ri'*, i|.^  PmHa©i»9|rt&@ Cfoaad, plaaaatocytes (round) and 
tKsiyeytes CreagMy roood and otoid) 
BtzeOm 





cy^ ,PD ^ ^ 
A P ° 








in aiff«f«ftt km&m»Of^» of irllitUffTT ^^ *^^ 1**f ^ tofioftl 
ifMftir lafvat (2U hr old)* 
Fig« t# 




Fig* f * 
Fi t . 1^ * 
Blood ioiar of affootoi hv^ instftr larta (2 d f^ 
old) tfi^ 0*2^ 0000* •!»irlfig oxtfom ooeontrti 
sieleiisi ejrt«9|>lamiQ ipsomolit and ditehaff« in OS* 
Fli« 2« Blo^ id mmm of affoetod t»^ lovtsr Iwnrft (vim 
mmi^nm and iraouolatid agrt09l&mi* OSt vith tw 
llO'A OfSOOfl^ FlO {liSOlolt 
dio«itari«« 
Blood mmm oi affooted 5tli inst^r Inrfm wltli 
0«2% ooao«t ilioifli^ ditifttogyiitid Pts «ift FO ««! 
d t n o ^ OS* aaS Fl* 
Blood tntar of af f^tod ^th liuitor larTS vitb 
OttlilC Qoiio«« 8i)0wi!ii oxtfont ooottitrle and meHamtm* 
pmkia ttifllotii In an OB vtiofou ot!)@r soils m* 
In ixiiiKi^  dtuK o^d QOfidtitdoiMi* 
Hood mmmt of aff«9ted 5tlt inttoy l«gw Him 
wi»*ip #9n6« s^ ondi,!^  ojool^d tMiAmnoiiiullio nttQlAVMi 
tn mn OE vitit dlaomgo of eytoplaso* Q%or typos 
of ooUs Oifo IndifltlLfiipilstMiiili • 
Blood snsar of sffeetsd 6t6 inslar larva vifn 0«3^ 
sono*! ilioirii^ a s^indlo abifod F!« with disoftaffo 
of ogrioplasii* OB sad FE viHt oxtrwM ocsooo^pit 
naaloi* Olier FX>s and FO aio in ^iXgiilf danagod 
oondi%ioski 
Blood sasar of affootid 6lli Instar larva vltli 0« Jl 
oone*t sliiwing inggod atH ojoettd aosHooo and foplo* 
rod Qsll asiaibrana in an 0B« O b^er oslis (POst FliS 
ana ooi OS) ars in higld^ dattagod oonditioB* 
Blood snoar of affoolod proMa vitH 0»j^ oooe« 
allowing all %im ooHs in oooyietaly daaagod stato 
avoo t!» §E is %ritl% fragmntod nuel^tis and i^to* 
plaonio liisohargo* 
Blood anaor of aff#otod propima vitli 0^ oono«t 
s!iovii^ indistingtiishe^lo oalls axeapt 0B« 
Blood sMtar of affactod p«pa CH day old) vitli 
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PHatonleTOfTpaplMi »l»wliig tiaportent pmtliologloaX effectt In 
oatlon 0f aiffe?©fit oofiQtfntxwtions of !)iJt in 3y<2 lostar lafirat 
Flf* l« l l M i ftttftv #f iiffdet«i hm imtme Imm. w i^ 
fViMP»iit«d msol«iif in (in OE^  ulitfvtui otiitr <M4lLt 
Ttn» 2« Blftftfi m»«r «>f iff0«ti»« tf^ tl! iiwtap tarm vtt l 
d«i9^  «tn<»»| tfi^ifiM Pspt^ fUNi mtl mmSarmm mil 
lilgiili^ Yftooolftttd m%apT^mm in C^Hf Pl»t» Ont 
y|«» 3* Blood sat«r of itffeot«4 5tH instwr tmrt& vtijtt 
%^ mm»M i^*»ii^ bimieXtato OB tM dMogoi 
FI»f 611 ttoA POt* 
?ig# h* BloM ffiMwr of aff90t»A 6ttJt instsv la^fft n l ^ 
9*1% 0009*1 aDo i^ng «%ioll#0| fjfoggientod noeloiti 
in on OS* Other oolis B3f9 in M4|hlf 4«wii<oi 
Fftf* 5* Blo«d •niir of affoot«d ps«p«^ wl^ 0«t^ ooa»*« 
i^ewi^ nsptttrtt o«l^ noHirftai in & OE in vlilftli 
iid]r vepmmian of WHiiioiii i«f% oni sm^ <^l#» 
pioff^o flonoioo* 
?!«• 6» B3.o0d ffi»ft» of iiffeeted pmpsft^k vilSi Q*1^  oone«t 
mA ma^ m^^tmmtt mmiolti* 
Fig* 7* Blood fB»«i' of affttolod pmm with 0*11 oonowf 
•lioiriai Jinoltsfi^ of e^ rt^ M^Mm in 0B nod fOf 
nnlifOB0i>fiilio noolono in 70 wiA only inpf^ooiow 
of no0l«n» l«ft in oa* l>C' aloo <S«wlo|Nid tlwooi 
Xilni eftofiXoMdle nfnootooo* 
Fif* 8* B:Mioa iMntnr of nffootod wi^m with 0*1$ oono«f 
•honing httcmr evtoplosaie irnouolot onS i»i>ooofOOi 
in F00| ifhAfOftO M> ooai>lot«Xj ^«iago4* 
Plate XVI 
30ju 
awaft CStf hr oM)« 
f i n * f* 
i-
Blood tmtar of .iiffoot«d t^^ instsr lajfva (2 dsf 
oM/ id.1^ 0«0g^ ooiao«« trionii^ <^ topXa8idLe 
di«e!%aff«,ojootod iKiolous nxA a«9 abnorsaX 07to* 
f loaslo mmm%99 in OS mA oytoplAsaio oxtomoii Q 0 pea^ «!i«pod ?!•» imoi«fts I^ art ooii>lot«2.y 
Pig* 2»0t 3* Blood oeeoxw of affooloi htk inotar iorft* 
vlt^i 0*09^ ^ oooo«j #ioirliM aite^liaM in sn OS 
ftfii dtniflit«r eeli fofie«1sioB In PL* ilttl3.« oHior 
^ o « of oolls sfo ifi dflwiiod oonditloii* 
n%mAmmm of «ffoot^ 5tii iii«t«r l«pva vil^ 
0»0|2P mm*$ B^imAm oytoplotalo btilgit^ in 
01 with sottioietMiie otM&oiio* otiiop immse^ 
mXt» mm '^% ^t ant Pa* 
SXood Mtor of ftffoetod *?%% timtm lurtii id.^ 
O«0a«fi «ofie»f lAionini ttotflp^flo ofidi oarly « i ^ 
liHoao o t m o in FI*f vltn imptoMd o@1l. iM«f^ rttfit 




t l i» 7# 
Fig* o* 
Blood «a»a:r of aff@o%od film IfMtor lanre v i ^ 
OfiOSi'fl^  QOfio*f stto^i^ 07^Qoljunlo oxtfiudUiii itt & tiitfiSlo ilia|)Od Ft* Olli0r eoHo (flis» POo) 
mt% i» M#ilf dOMiod eoiiiltSea* 
Blood wmmt of affeetod 6th ifi8t@i# lartft w i ^ 
0»05^ ooiie*t Motioloiktt OS ihoiriog a^liveaopMtlii 
and Foggod mseloiio and oartoplMNde dio^targo* 
FE «ri#i rtintiifod ooll atfliiroai and otiier ovUs (FLO & !>Oo> aso in daaafod 3oa3itio»* 
Blood «Miir of offootod 6th iootiur l&rm n i ^ 
0*05^ oooQ*! FEf wim mtiummpMXta lU^el 
«nd ruptofod: 09.11 aoflhFffiiit Imt ^i^iout of toplao** 
«io diooh^pg** Mhoroat POs 8>o ia aoro daoogod 
ootids i^ Uio* 
Fig* % 
to, 
Blood mtem of affeotod ffoi^ gpo with 0*0s^ ootio*| 
OEo with fomrod aod dlslntogratliM ntaoloi and 
lortoplawale 41sohai^e* Othor oolfa aXfoadjr 
hoofflSft liidi0tliigtil«htsi>lo* 
Blood SBwaF of aff^etad impa (H 69^ old) vitai 
0«0g9f Qotio** a»io%rlrtf thrt© m ^ y daaagod POg 
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Blood staaar of affeetod Wtli Inttar larva vltli 
Blood taear of aff#et^ ^th instar larvA wltli 
0,2< 03fie«» shoving a oltioter of poslstant PH«« 
BloOift waoer of affoetod ti^ tl) ii»itar layva witli 
0»3i!^  ooiie«f #)ovini fni|»t»]i»«d oetl mmuhrmm of 
FUJ PXiy M» ftiid OB and vaouoltt in of topla«n ag 
noil 08 in miol0ii9« 
Slood «ni«r of &f feetod ^Vb iostar larva ifith 
0«llS ooiie«t 3$io«d.fii ecmplatelf daaageA lii>« ani 
vaooolot in oft&pXmm mA mioxoi of )PHs« ^^ < 
and FOa* 
Blood OBOar of affootsd 6tli iisatar larva nitli 
0*3^ eofio*t iiiovlQi r«ptiir»d eoll flMtfbraao of 
FltO and OBa i^iofoaa POa art Indiatin^iatieiilo* 
FI*a ato having oxtresia aeaontrte nttolai and OQly 
iaproaaSoe of oaoloi lo i t la oaaa of (SEat %^>i«Ak 
Oft i^ Uo having &mi^ oytoplaaoiio VMuolaa* 
Blood sttoar of affootad propt^ s-: wilti. 0«1f^  eono*, 
shotriof aaall to hip; e^rtoplaiida vaooolaa in PX*8 
vith fyagaantad aooantrie isaoloi* 
Blood fliioar of affaotad prafnipe ^tli 0.15( ooQB*f 
i^mrlng irroi^lar oall momwum anl bolgioga tm 
Q l * 
Blood inaar 0f affeotod proimps^  %rith 0*ft> ooae«t 
shoving foldad oall laoahraiia and tmlffinfs in Ola 
highly dawaiiiod Flia» 
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PlwtofiJlefWfrfjpwi showing ©©eiirr®?w» of gtfo&mn In dlffei«iil 





^lood ffnoftrt of 3rd Inttar larva* (2 dagr ol4) 
fthcyiring fljoofflfi inelaaiofw (rotind and •lonf;att)( 
flnft «iii g^anil«s i» POit ^^9 t^id FEt* 
Blo«d tatar of ^ 1 ins tar Xarve shoving -9^^ 
f lyeogott graaulatioii in a oitotloaXiy dividing latt aa«|$has«> Pt and gi^oogon inoiiiaion 
in ft fO« 
Blood sttoar ^ 37d imtar larva shwiiiag glyoo* 
fan graimlatloi) in a laitotisallf dividing taiophaoo) Ph% and giyoogaa imsluaion in a 
PO* 
B^ lood «saar of 3f€ inatar iiufva glioiring glgr* 
oogen inolniiona Cfoitnd) in apindle ^ipiNI 
Vi»9 and in »<HW ""* 
Blood aaear of h^ i^i^tar larva ghoiring 
flyeoioa in^uaiona in POa* 
Blood asoar of ^tli iaatar larva itoviog 
glijroogan in^Xtiaiana in dSa* 
Blood flMar of 5tl) iiwtar larva atioving 
flyoffon grannlatton in a ^totlo&Uy divld-sg (aota|»!ia<*) Pt and flfoogao inoluolott (noiind) in a P0» 
Blood amaar of ^th it^ter larva allowing 
<*lgroQtm |7afitilatiO!i in a faitotloally iivid« 
ing P% and aoall i^ iinS inoltiaiona in otiiar PltS* 
Blood aaaar of ft^ ins tar larvR shoving g:^-
oogen inelttsion in a tiimiolaota PO and oaa 
ineltision in another P0« 
Blood anaar of 5tti itistar larva shoving gl^ -* 
ecmaa inolnsions in a^all and round PI» and 
nalojpliaio atn^a in a PO in the saoar* 
Blood aaaar of 6tti ins tar larva sHoviag 
glgrof^ an inolnaion in POs* 
3lood aoaar of propupaftf shoving glyoogoa 
ioelttaiOQs in a alnstsir of ?I*a and POs 
Blood SBM»ars of pvpm CH dagr old) shoving 
bigger gS^oogan inoltxsioi^ in POs and PX.s* 
Plate XIX 
f?!»t»!alofoi?raph« i^ iovlne oecurrtJioe of gXyoomn la aiffofei 




Blood MM&r of 3f«S if^tur lanra 8hoiri{|| glyoo* 
g«a inoluslofi (©Xongati) in a PEf rouin aad 
OiKiM iriolusiofit in fO^* 
Blood to»or of ^tti iti9tar Im^a i^ iovifig glyoo* 
ion InflStustono ia PR^  POs and Or* 
Blood mmwt of 5*^ i i i s t^ larvm itiotrifig ^lyoo* 
ioii Indliisiofii in PIi ami OBs* 
Blood wmw of 5lli instar larta shoidfig <^ lyoo» 
ftn io^mtoiis in Ofta (laovo tiian ont iaolnaioa ii a oall> 
Bloo^ mmm of 6lSi inatar larva siioirini ^lyoo* 
gtQ inoltiaioiia in POa* 
BlooA mmttat of pramif^ a ar^viag irljpooian inolti* 
•loo itt FR and PIio* 
Blood aaoar of ^topvpa atiowing gl^oogaii Inoljo* 
•lofi in POa* 
Blood mm&t of p«q^ a ahoviag glyoogan in<^tsaioaa 
in P0a* 
Blood aaaar of pt^a ^lowiog a dim ooloured gl|r«» 
^(^it i»olii8ion in a FO* 
Plate XX 
F ^ * % 
PLATE log 
A« F!s«>t»aiQf®crspti« atwi^ng -patiiologieal ®ff©et o» Jtlyo<««a 
d«|Ki8itSon i a tlio haa&xiQytos of H* Qi^ licMft following tiM 
applieatSon of D13T. 
F i t • ^^ Blood •near of affected ifth Instar lajpva with 
0.2^ oone.f showing ?5:lyco0:©n IfKjliiaions and 
Hvamilatior} in few FOs. 
F4l5» S* Blood aaaar of affaotad hth ins ta r larva with 
Ot'k^ oone«t showlfii flyeoi5©ii f^ratiulatlon In 
only faw demaiad ^ I l a | sinoa aluott a l l tha 
&»%l9 tms% t^wlr identity* 
f1^» 3« Blood anaar of affected 5tlJ Ins tar lar ra with 
0»^ mm* sowing a l l the eal la in damagad. 
• ta ta and only om PO i s having glyoogan inclusion* 
?ig« V* Blood ansar of affeetad 6t}i ina tar larva with 
0 « ^ ootie*ff shoiring fev iiiyoogan incluaiona 
in daaagad tjni'lantif labia aells* 
Blood soaar of affaetad prapima with 0*2^ oono*. 
shoving only ona i^lyoogan inoluaion in a daoagoa 
PO. 
Fig* 6* Blood SEMiar of affaotad pupa with 0*2^ oone«y 
shiwiDg only one glyoogao inclusion in a dnagod 
PO* 
B« Ffttholo^oal affaot on glyeo^an deposition in tha haeiso-
oytas of &• Qbi^ f^y^ ft foliotfif^ tha ^>p3.ieatlon of Fturadan* 
Flf* 1« Blood sooar of affaotad %^ inatai* larva with 
0.012^ oonc*t showing glyeoj^en Inelusions in 
only few POs* 
Fif • 2« Blood siiear of affected 5th inatar larva with 
0*02^ oono«t showing flyeogan granulation in 
fow Pts ana PCs* 
Fig* 3» Blood «wiar of affected 6t*i ins t a r larva with 
0*0^ eonc* ahonflni flyooten inclusions in few 
P0o» 
F l i* V# Blood ssear of affected prepupa with 0*0^. c o n e , 
showing da»agad ce l l s %7lthout f*lyoogen deposition* 
F l i* 5* Blood saaar of affected pupa with 0*02^) oono*, 
showing a cluster of destroyed ce l l s without 
^lyeoien inclusion* 
























^pOBttimn in t!» li®emo«^ t«s of £. ^j.|iiyfi fol1«fwif«| tilt 
^p^Xieattdfi of l>Bf • 
Fig* 2* 
t i t * 3» 
Fi«. % 
Flu* 4» 
Blood smi4ir of nf fected ti>tli liist«tir laip^a wiHi 
0*1^ oono«i sho^ng f«v glyooioo ifioltialotis in 
Fl ftlli F08» 
BI«od 9M»ar of offoetod h^ tmitm lama villi Q*fjC QOiio»t ahoffing glyoogoa iooluaiorifi in FE« 
3S ftlKS FO* 
Blood mmtat of affoetod 5tH instar larva yiitb. 
I^Op oofie*t s^ i^^ nf '-^Ifmn&a inoltisions la 
AMagod Fta and POs* 
W%m& wmmt of aff^otod 6«h ifistar larta villi 
0«2f (30tie#t fl^idvifiK KlTooton inolmsloii iit danagod 
out and FOt* 
Blood mmm of aff#otad tfm^A witu 0«0^. Qone*t 
iboifini byoteii gly^ aogao inoluaSoaa in Ciaa* 
Blood mmmt of aff^tad fi;^ ai^  vitli %^ mmm% 
i^ iovlng only ofit inolufloti la a dana^ F0« 
i 
B« F«t»iolo^eal offeot on fljreo^an dofwaltioii in %*m 
oytas of 1* J l l m folloviiif %liO ipplioatiofi of Fwidaa* 
Fii« 1* llo«d »»«'ttr ^ affaottd 5tts inatar larra witti 
0#p oofia«t slhmrtfm disagad oall« idtlioiit g2|)r« 
eofoo inoluiion* 
Fit* 2* Blood sawftr of affected &tis i»atar linnra vltii 
0«1^ oono«t stiovit^ bireloiii glyoogan iaoluaiooa 
i» a 61 ma &tm inilualoD i« a dasagod P0« 
FSir* 3« Blood aaaar of affeotad &^ inatar larva v i ^ Q*i% tone*I s)iM»iiiag glyoogan incluoiona io fov 
daaafl^ tmidantiftid oollt* 
Fig* %• Blood aiwar of affaotad pi«i>«i^ a vilh 0.1^ ootie«f 
ithmAng Ibiggor iiiwluaioiia la alroady dat3:^ ad POg 
Out ooqplstoly dmagad 6E vithout glyoogan 
ifiKsitisioa# 
Fig* 5« Blood aaaar of affeetad ptipa vith 0*^ ooao«« 
mm/im l!^ ^ d«s&«ad FOfi having ^lyeogon inelu* 
•iont* 

fh&t»ml^T9ff.Tw^h9 tlKiwliSf iamortant pattiolofieal ©ff@et® In 
til© ^s©i5»^t«» of 6til Ifistar lupvsft, prmwpm ana mips* 
of ! • Iltffri fotlo*ri!*ff «ie i!i|««tldif! of Qii5 nf and ?!«0 ng 
F i f i . t # 2# 
*»i^ w ^ # 
ft 7 
Ftf • S« 
Fllft. f • 
Flf* 10« 
Bloc^ wmmmeB df &ff««r%«d ^lli iiwtar Xeanrm 
with 0«5 «i ?3os«- t^mmtng fii»iTit©gf«.tlf^ CJE, 
BlAOd ft'Miir of •iff#etid 6tli ifistitr Idtrwm 
tttuftirQiM If^  0B« 01 y FI»t and i®» OB bat 
«8lifooopM.lio musXeaa and oyt0pla«iitt 
BXcHkl aaM^ ftrt of af f«ot«d 6tlt iostttr l«n^« 
irith Z»0 ug d^m% $imm9 SasiAged GBo in nililiab 
••11 «««ibFane ry(pt!ared« only isprostion of 
tlie Daeteito l e f t atsd laiufqr «i»n9m«l fteallos 
doiNslofMwS 111 %te cf ^ yplasm* l^  Mmiel^ato 01 
Mievt totifiKaopMllo fiiol«i| i^t^rod e«ll 
dMiagod oolli* at« Pt nxfA a!}* 
Slood iiaesr of effsotod pfvpupa i#it1i 0*5 i^ 
do«Of fhmri!% fmisled aelt mm^tvum in SEg 
ostfeao teotntrie nael«mf in OB* Dtfmt 
dgeaftd e@ll9 art iS*, Ft and ?©• 
BIJMKI iMoar of affected pptptjpa with 0«5 tig 
^o»ef iihfmim tfKttmm ®eeefitri,«, as'ir<o'-»«liil1 
ntjel«i in OBs. mptored ee l l aes^rane end 
v8eiioIat«d oTiaplmsa %fl%fi di«OliWi«« QUksw 
dmafod o@lls ftfo FI»8« 
Blood mm%T of affeotod pi^npft vitii 2*0 «g 
do««i 01 ^oid.ng frafiatnttd aaeleiitt rt^tniod 
o i l l wi^vmrm mA imelaar waitoFoat* O^itr 
figt*11 t 12» Blood ssMitrt of siffBoted pmm wttti 0*5 «a 
and 2«0 ug doaee 3?a8p«otiv«iJl#f snowing oxtro* 
Mil' daoftisd GA| iP and POa« Fnrllitr FOt 
dowlopod o:^topiasiiie btilgif^f ani folded 
o t l l aoabrana* 
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i«i the haea0e9t«s of 5 ^e^ oM ^ I3i insta^ hoppers uA 
Ifjieetioa of 0,5 tig m^2Wn%Jv$M/$%h Inatar lioppor ()*S ISP oM)« 
^igs* t it 2* Blooa ms^ ar* of aff@o%ed 5th instur lammB 
witlt 0*5 u | dos0t #K»flng itiptiaxw! oeil 
wMibrwim or FB| FI*S asidl mm Oranular hooao* 
oj^ tos are ooi^iotolv atBMgtd idttB oacpulsiofi 
of ifmnalos* VaouoXet deir«Xo|Mii^  in tlit 
ntioloiit of PB i^ horoM onlf iaprofslo?} of 
mtiBfplnm& Tomoifit in PtS* 
Blood 3!wap8 of EffQotod 3%h instar hopptri 
with 2#0 iif «o9«, tfMkvtag only l^rassloti of 
5t^f A 7*Biood gatmi** of aff^eti^ odulto vitli 0«5 <sf 
<l08«jk shoviQis bfo^n ooll tmniftiram in Pt^ PB 
and Pi* PH #iotr« ai»#iarii« of o^ rtQ l^am: einS 
0i tfiowt mioll©!! miolotio mriA ireoKilmttd oyto* 
fift* 3 ^  «^ 
Ftiti 
Ftft# 8 t f* Blood smoari of off^otod od^tts ifitli '^ •0 ng o^ffo^  
sho^iif bfoiwa ooUl smibp&cw la l*l»f PH a §!« 
C t^eoloAt!} of wn.9 oni F t^ tm^mm ffftmilmtodl sal 
slw^i aiaelsaip??® «t plaots* wtiofooo 01 gtioift 
•XpalsSOIKi of. gVMS3SU$9* 
B* ZaiDortftBt p&t!ielogio^ of feats in %fm hoaaooyttt of 5 inf 
o34 hoiiptrt mA % da^  old adults of 1* MglSiapMlteii 
foUotfiog tlw iia|eotio!i of 0«5 tig am 2*0-'ttf Haiiitoroaa A/ 
ftfe ingtap !wpp#r (VB hp oM)« 
Fig9*1f2 & 3* Blood aaeara of aff®otod $th iostar hopp r^a %rith 
0«5 tii '3o88» aHO'i^ im his t^ouolo in tiK nooloma 
of a FHf bro^a eelf iseaibraafi lo QB. f Es« Fl^ g 
and OE with sytoplasalo ai»ehaiis»» yH shows 
oipuXaloD of greomlot and OB shours foldoA oi l l 
mntotvam with anolXim nueloua mi& grannXatod 
k iraot2olatad oytoplasia* 
Blood aeoars of aff^otod 5th ins tar hoppesn with 
2*0 yf dosOf showing &tmplmt&%y dasi^ad GDi and 
Pill, m shows gramilate^ and vaouolmtad o^ t^opXaM 
f^tnfod e«XX tmvltsrmm with vy^a^lmtmto diii#iarfo| 
and awolXaa riaolaiif whapoa* saagr ahfi»y!3aX vaeoo* 
1«« de^olapod in the ojtoplaan iaid nucletis of FEs« 
Blood siaaara of affootad adults with 0*5 ug doso, 
sho%iint r^ iptaped eoXl wawbpan© of PH. PI»8 *^ 0B« 
PI shows lrpe??tilap nii©X®us ana «y^lasid.o m 
lot* Th©re i s n blloisod mialatis in OS a»d only 
iuppsssion of eytoplasBi in Tts* 
f l i s* 1t>,11i Blood awsrs of affected adtilts with 3.0 ng doaa, 
12 * 13» showing brotein eell istiatepan© in PHs, Pl»s i OS* 
PI shows <39topla«RBio bnlfinis and fpa^MiitoiS 
noolstis* 01 thows highly vaoiolatad oytoplatis 
af^  ippspilap imelanst wl«it«as 1^ I»s shows foMod 
< 1^1 a#]ibpane and eft^lasaio disohargo* 
^ifs* hf$ 















dPL_ ' # 
^i fn .cy 
rcm^ 
t". •' PL 5 1 . 
gncy 
I OE gn.cy PPL 
# 
PL 
gacy GR 
B 
PR 
ex I 
30/U 
